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EFFECTS OF DIETARY RESTRICTION AND AGING 
ON THE CONCENTRATION OF MONOAMINES 
IN THE CEREBRAL CORTEX OF THE FLORIDA MOUSE, 
PODOMYS FLORIDANUS 


FRED Punzo! 


Box 5F, Dept. of Biology, University of Tampa, 401 W. Kennedy Blvd., Tampa, FL 33606 


ABSTRACT: This study analyzed the effects of aging and chronic diet restriction on the 
concentrations of monoamine neurotransmitters (NTs) in the cerebral cortex of young (6 months) and 
old (30 months) males of the Florida mouse, Podomys floridanus. Control animals were fed ad libitum 
(AL). Aging per se had no significant effect on either the levels of dopamine (DA), norepinephrine (NE), 5- 
hydroxytryptamine (5-HT = serotonin) or some of their metabolites such as 3.4-dihydroxyphenyl-acetic 
acid (DOPAC), homovanilic acid (HVA) and 5-hydroxy-indoleacetic acid (5-HIAA), in the frontal cortex. 
Dietary restriction (DR) in old mice caused a significant increase in levels of 5S-HT and the DOPAC + 
HVA / DA ratio. Aging and DR had no effect on NTs or their metabolites in the parietal cortex. In the 
occipital cortex, levels of S-HT were significantly higher in old mice as compared to younger conspecifics; 
there was no difference in the levels of DA or NE. The ratio of 5-HIAA | 5-HT was significantly reduced in 
older animals. The results also suggest that serotonergic neurons are influenced to a greater extent by 
senescence than catecholaminergic neurons. DR during the aging process resulted in higher DA 
concentrations in the frontal cortex. 


Key Words: aging, cerebral cortex, diet restriction, monoamines, Podomys 


IT is well known that dietary restriction (DR) (.e., undernutrition without 
malnutrition) can have a profound effect on senescence and prolong lifespan in 
numerous taxa including mammals, birds, and arthropods (Walford, 1983; Weindruch 
and Walford, 1988; Finch, 1990; Yu, 1994). Experimental DR has also been shown to 
reduce or delay the onset of numerous phenotypic parameters associated with aging 
such as renal failure, immuno-suppression, myocardial degeneration, and the 
development of tumors (Fishbein, 1991). Furthermore, the beneficial effects of 
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underfeeding can be observed when initiated in either older or younger animals 
(Weindruch et al., 1982; Holehan and Merry, 1986; Schneider and Rowe, 1996). 

The homeostatic maintenance of various physiological functions via regulatory 
molecules such as cyclic adenosine-monophosphate (cAMP), inositol phosphate, 
hormones, comodulators, and neurotransmitters is essential for survival. It has been 
suggested that the aging process and age-related dysfunction is associated with some 
breakdown in homeostasis (Finch, 1990; Esser and Martin, 1995). 

Behavioral parameters such as learning, memory, and locomotor activity can 
also decline as a function of age and/or DR (Goodrick, 1984; Idrobo et al., 1986; 
Beatty et al., 1987; Campbell and Gaddy, 1987; Finch, 1990). The concentration and 
activity of neurotransmitters (NTs) and comodulators, which play a vital role in the 
processing and encoding of experiential information in the central nervous system 
(CNS), also change as a function of senescence (Lorens et al., 1990). The ability to 
modify behavior as the result of previous experience (learning) is adaptive and can 
have a significant effect on overall fitness in a wide variety of taxa (Davey, 1989; 
Punzo, 1996; Punzo and Punzo, 2002). 

Most of the studies on the relationship between aging and DR have been 
conducted on inbred strains of laboratory mice and Norway rats (Moment, 1982; Esser 
and Martin, 1995). There are few data available from other species of rodents (Finch, 
1990). The purpose of the present study was to analyze the effects of DR and aging on 
the concentration of monoamines and their metabolites in the cerebral cortex of a wild 
species—the Florida mouse, Podomys floridanus. Monoamines such as dopamine 
(DA), norepinephrine (NE), and serotonin (5-hydroxytryptamine, 5-HT) have been 
shown to be involved in a variety of behavioral tasks including learning, arousal, 
agonistic interactions, and open-field exploratory behavior (Mason, 1986; Haney etal., 
1990; Summers and Greenberg, 1995; Punzo and Punzo, 2002). 


METHODs—The animals were obtained from a breeding colony maintained in the laboratory since 
1992. The colony was started from the breeding of an original male and female collected in Pasco Co., FL. 
The habitat was a sandy ridge and the dominant vegetation was scrub palmetto, Sabal etonia and turkey 
oak, Quercus leavis. Following weaning, all mice (males) used in these experiments were housed 
individually in plastic rodent cages (23 X 23 X 15 cm) and maintained on a 12-hr light-dark photoperiod 
regime. 

The life span of P. floridanus from this laboratory colony is 3—3.5 years. The mice were divided into 
two age groups: young (6 months) and old (30 months). Young mice ranged in weight from 19—21 g, and 
older mice from 23—27 g. Six animals from each age group were fed commercial mouse chow (Ralston 
Purina, St. Louis, MO) on one of two dietary regimes: ad libitum and diet-restricted. Diet restriction (DR) 
was initiated at the age of 8 weeks for all subjects in these groups. Following the protocol of Goodrick 
(1977), the DR group received a daily food ration equivalent to 60% of the weighed intake of the ad lib 
group. In order to ensure that adequate nutritional requirements were met for diet-restricted animals, 
a vitamin, amino acid, and mineral suppliment (Mardel Laboratories, Kansas City, MO) was added to the 
chow (Holehan and Merry, 1986). Animals had access to water at all times. 

At 6 and 30 months of age animals were sacrificed by cervical disconnection following a 12-hr 
period of fasting. The brains were removed, and various regions of the cerebral cortex were separated by 
dissection on ice as described by Haney and co-workers (1990) and immediately frozen on dry ice. Brain 
regions included the frontal cortex, occipital cortex, and parietal cortex. Brain samples were also stored at 
—80°C for subsequent analyses. All samples were analyzed within 30 days. Samples of the same brain 
region from different groups were analyzed on the same day. 
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TABLE 1. Effects of diet restriction (DR) and ad libitum (AL) feeding on frontal cortex monoamine 
neurotransmitters and their metabolites in young (6 months) and old (30 months) males of Podomys 
fioridanus. Values are means + S.E.M. (N = 6 for each treatment group in each age category) expressed in 
ng / g wet tissue. See text for details. 


: Young Old 
Monoamines and 
metabolites ad lib restricted ad lib restricted 
NE' 318.8 + 20.4 OD se 12S 339.4 + 16.4 418.7 + 18.49 
DA 54.3 + 4.3 87.7 + 11.2 57.6 + 9.5 168.2 + 27.8°" 
DOPAC® 1097 = 182 173.2 + 17.6 94.7 + 8.8 159.8 + 20.3 
HVA& 70.3 + 6.8 94.6 + 12.4 67.8 + 7.6 61.2+5.8 
5-HT' ADS A238 425.8 + 22.6 BIOS 13651 544.29 + 26.6° 
5-HIAA® 3987 E33 AVAL) se WD) 5) 417.6 + 24.3 ANG Sut LO 
5-HIAA / 5-HT 0.94 + 0.03 0.97 + 0.04 1.10 + 0.02° 0.76 + 0.03° 
DOPAC + HVA /DA 3.31 + 0.13 3.06 + 0.21 DESDE O Sil Biles 0.22 


*p < 0.05 , 30 AL vs. 6 AL. 

> pb < 0.01 , 30 DR vs. 24 AL. 

© p < 0.05 , 30 DR vs. 24 AL. 

¢ pb < 0.05 , 30 DR vs. 6 AL. 

© p < 0.01 , 30 DR vs. 6 AL. 

‘ NE (norepinephrine); DA (dopamine); 5-HT (5-hydroxy-tryptamine = serotonin). 

© DOPAC (3,4-dihydroxyphenyl-acetic acid; HVA (homo-vanillic acid); 5-HIAA (5-hydroxyindoleacetic acid). 


The monoamines and their metabolites (NE and DA; and 3,4-dihydroxyphenyl-acetic acid, DOPAC; 
homovanilic acid, HVA), and serotonin (5-HT) (5-hydroxyindolacetic acid, SHIAA) from each cortical 
region were determined using a modified procedure of Wester and co-workers (1987) as follows. Fifteen 
mg of tissue was sonicated in 175 pl of 0.1 M perchloric acid containing 0.3 mM Naz-EDTA and 0.5 mM 
sodium meta-bisulphite. Isoproterenol (25 ng in 25 ul) was added as the internal standard to each tube prior 
to sonication. Sonication of tissues was performed on ice for 20 sec using a Fisher Model 76-2S sonic 
dismembrator. The resultant homogenates were centrifuged at 4°C at 48,000 g for 20 min. Supernatants 
were placed in sample vials and injected into a Beckman Model 47A for HPLC-ED analysis. The HPLC 
column (40 cm in length, with a 0.2 pore diameter) was packed with Hypersil and contained a Hewlett- 
Packard 760E electronic detector (0.40 V). The mobile phase (flow rate, 3000 psi) used to elute the 
monoamines consisted of 20 nM sodium acetate, 12% acetonitrile, 100 mM sodium hydrogen 
orthophosphate, 2.5 mM octane sulfonic acid, and 0.3 mM EDTA disodium salt adjusted to pH 4.2 and 
filtered through a 0.5 um filter. The peak-area ratios of the monoamines or metabolites to the internal 
standard in each sample were compared to the ratios of the standard to internal standard at known 
concentrations and quantified using linear regression analysis (Donzanti and Ang, 1990). Concentrations of 
monoamines and their metabolites were expressed as ng/g wet tissue. 

The effects of diet restriction and ad libitum feeding on the various neurochemical parameters of 
young and old mice were analyzed using a two-way analysis of variance followed, when appropriate, by 
a Newman-Kuel’s test for significance as described by Moroi-Fetters and co-workers (1989). 


RESULTS AND Discussion—Aging had no significant effect on the concentra- 
tions of neurotransmitters in the frontal cortex (Table 1). The metabolism of 
5-HT, however, showed a significant increase in 30-month old AL mice as 
compared to 6-month animals (p < 0.05). The metabolism of DA, as shown by the 
ratio of DOPAC + HVA / DA, was also unaffected by the aging process. Diet 
restriction in the older mice caused a significant increase in the concentration of 5- 
HT and DA while reducing the ratios of 5-HIAA / 5-HT and DOPAC + HVA /DA 
(p < 0.05). The concentrations of all neurotransmitters in the frontal cortex of 30- 
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TABLE 2. Effects of diet restriction and ad libitum feeding on parietal cortex monoamine 
neurotransmitters and their metabolites in young (6 months) and old (30 months) males of Podomys 
floridanus. Values are means + S.E.M. (N = 6 for ad lib and food-restricted groups in each age category) 
expressed in ng / g wet tissue. See text for details. 


; Young Old 

Monoamines and —————— 

metabolites ad lib restricted ad lib restricted 
N E’ 278.6 + 24.6 285.2 a3 306.4 + 18.2 308.4 + 13.4 
D A? Bey) aes(ORS) SYD toe 36.6.2 45 41.1+5.8 
DOPAC” 79.3 + 4.9 82.2 + 711 81.5 + 6.9 86.4 + 8.3 
HVA? 40.5 + 6.8 44.3+4.4 A729 2 51.1 + 4.6 
5-a 2233 +264 229.8 + 19:4 240.3 + 26.2 243.6 £ 17.3 
5-HIAA? 389.3 224.1 422.5 = LS 409.3 + 20.2 407.8 + 24.6 
5-HIAA / 5-HT 1.74 +:0.3 1.84 + 0.4 70 OD 1.67 + 0.3 
DOPAC + HVA / DA 3:42 + 0.1 3.41 E105 3.54 + 0.2 3. 32EEIO 


“ NE (norepinephrine); DA (dopamine); 5-HT (5-hydroxytryptamine = serotonin). 
® DOPAC (3,4-dihydroxyphenyl-acetic acid; HVA (homovanillic acid); 5-HIAA (5-hydroxy-indoleacetic acid). 


month diet-restricted mice were higher than those found for young mice fed ad lib 
(p =< 010T). 

With respect to the parietal cortex, aging and diet restriction had no effect (p > 
0.50 in all comparisons) on the monoamines NTs or their metabolites (Table 2). 

In the occipital cortex, the concentration of 5-HT was significantly higher in the 
older mice as compared to their younger conspecifics (p < 0.05), whereas age had 
no significant effect on the levels of DA or NE (Table 3). The ratio of 5-HIAA / 5- 
HT was significantly reduced in older mice (p < 0.05). 

In conclusion, these results indicate that senescence per se did not have a 
significant effect on the concentrations of monoamine neurotransmitters in the cortex 
of P. floridanus. On the other hand, the effect of diet restriction on the concentration 
of cortical 5-HT in young and old mice varied depending on the specific area of the 
cortex. Aging resulted in increased concentrations of 5-HT in the occipital cortex as 
compared to young animals, but not in the parietal or frontal cortices. Furthermore, 
the ratio of some metabolites (5S-HIAA / 5-HT) in the occipital cortex decreased in 
old animals, while the ratio of DOPAC + HVA / DA decreased in the frontal cortex 
of older DR mice. Although previous research on rats has shown that levels of DA, 
NE and 5-HT from the entire cerebral cortex did not change significantly as 
a function of age (Lorens et al., 1990), other studies have shown that aging can 
significantly effect monoamine levels when specific regions of the cortex are 
analyzed (Moretti et al., 1987; Yeung and Friedman, 1991; Esser and Martin, 1995). 
It has been suggested that senescence-induced alterations in monoamine levels may 
be due to changes in the availability of precursor molecules or an imbalance between 
utilization and synthesis of NTs (Donzanti and Ang, 1990; Schneider and 
Rowe, 1996). 

With respect to diet regime, the ratio of 5-HIAA / 5-HT and DOPAC + HVA / 
DA decreased in the frontal cortex of 30-month diet-restricted mice as compared to 
young animals fed ad lib. In addition, diet restriction caused a significant increase in 
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TABLE 3. Effects of diet restriction (DR) and ad libitum (AL) feeding on occipital cortex monoamine 
neurotransmitters and their metabolites in young (6 months) and old (30 months) males of Podomys 
floridanus. Values are means + S.E.M. (N = 6 for ad lib and food-restricted groups in each age category) 
expressed in ng/g wet tissue. See text for details. 


; Young Old 
Monoamines and S$ 
metabolites ad lib restricted ad lib restricted 
N ES STAD 227.8 B72 222.6 B79 2 E94: Mo)n3) Be LM 
D AS 35,3) 32 23) SWS) 2E DP) 44.6 + 3.2 40.4 + 7.8 
DOPAC’ SS 2) a8 Su 63.2 + 7.9 68.2 + 5.8 OSI4ee Oo7. 
HVA! 30.6 + 2.8 BAO se Zell Sts) ae SS) BI) ae Ah al 
Sais il bs SMI! ae POS SS) ae SAS) A87.8 + 33.4° 514.2 + 21.9°4 
5-HIAA' AOE 27... 425.3 £283 407.9 + 26.6 As oar Bis) 
5-HIAA / 5-HT (3) se O08 1.30 + 0.02°* 0.83 + 0.01° 0.85 + 0.03 
DOPAC + HVA / DA pea (OS) Mg 59) ae (0.3) 2.34 + 0.4 2.47 + 0.2 


=p = 0.05 , 6 DR vs. 6 AL. 

p= 0.01. 30 AL vs. 6 AL. 

“ p < 0.05 , 30 DR vs. 30 AL. 

“pb < 0.01 , 30 DR vs. 6 AL. 

~ NE (norepinephrine); DA (dopamine); 5-HT (5-hyroxy-tryptamine = serotonin). 

" DOPAC (3,4-dihydroxyphenyl-acetic acid; HVA (homo-vanillic acid); 5-HIAA (5-hydroxyindoleacetic acid). 


levels of 5-HT, NE and DA in the frontal cortex of old mice as compared to levels 
found in young AL mice. Chronic diet restriction also caused an increase in 5-HT 
levels in the occipital cortex of old animals, while NE and DA levels were 
unaffected. Diet restriction had no effect on the concentrations of these 
neurotransmitters in the parietal cortex. 

The increased levels of 5-HT associated with diet restriction in these animals 
may be due to stress associated with this type of feeding regime. Previous studies 
have shown that a number of stress factors can cause an increase in 5-HT levels in 
the CNS and blood (Haney et al., 1990; Lorens et al., 1990; Fishbein, 1991; 
Schneider and Rowe, 1996). 

It is well known that cortical monoamine neurotransmitters are involved in the 
neurochemical changes that accompany learning and memory in animals as well as 
other behavioral parameters such as aggression and territoriality (Mason, 1986; 
Haney et al., 1990; Punzo, 1996; Punzo and Punzo, 2002). To the extent that diet 
can influence the concentrations of neurotransmitters in various regions of the CNS, 
diet restriction can be expected to affect the performance of animals in a variety of 
behavioral tasks including spatial learning (Goodrick, 1984; Idrobo et al., 1986; 
Beatty et al., 1987). An animal’s ability to learn more efficient foraging routes which 
can reduce energy spent in random search patterns, as well as its capacity to 
remember (form spatial cognitive maps) specific locations where food is more 
readily available or has been stored, rely on spatial learning. Any neurochemical 
changes that might reduce this capacity for SL would reduce overall fitness. 

Future studies should focus on the effects of diet restriction and aging on the 
spatial learning ability of P. floridanus and other species of vertebrates and 
invertebrates. It would also be valuable to determine the levels of CNS monoamines 
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in animals of various age classes captured in the field and then compare these data to 
those available for animals reared in the laboratory. 
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Biological Sciences 


FIRST REPORT OF THE PROTISTS COCHLIOPODIUM AND 
LEPIDOTRACHELOPHYLLUM IN FLORIDA 


DANIEL E. WUJEK 


Department of Biology, Central Michigan University, Mt. Pleasant, MI 48859 


ABSTRACT: Transmission electron microscope observations made from 1995 and 2000 phytoplank- 
ton samples revealed two protists new to Florida, Cochliopodium bilimbosum (Auerbach) Leidy and 
Lepidotrachelophyllum fornicus Nicholls and Lynn. 


Key Words: Cochliopodium, Lepidotrachelophyllum, protists, scales 


SURVEYS of the pigmented silica-scaled chrysophytes present in Florida 
freshwaters were taken during the late winter in 1995 and 2000 (Wujek and Siver, 
1997; Wujek and Moghadan, 2001). During these surveys, scales referable to 
Cochliopodium bilimbosum (Auerbach) Leidy and Lepidotrachelophyllum fornicus 
Nicholls and Lynn, two genera not previously known from Florida, were observed in 
the plankton of the waters of Broward, Dade and Union Counties. 

Taxonomy of scale-bearing protistan taxa has made considerable progress since 
transmission electron microscopy was first used (Petersen and Hansen, 1960). Such 
taxonomy has now become an integral part of identifying genera and species 
(Siemensma and Rojackers, 1988) and the description of new species (Wujek and 
Elsner, 1992). Similarly, the “presence or absence of scales has been used to 
distinguish certain taxa” (Nicholls and Lynn, 1984). For example, they point out that 
Lithocolla is separated from four other genera because it lacks scales, and within the 
Gymnamoebia, Hollandella is distinguished from Mayorella because it lacks scales. 

Species of the genus Cochliopodium are rhizopod amoeba with one or more 
pseudopodia and without a firm shell (Patterson and Hedley, 1992). They have been 
reported, frequently in large numbers, from a broad range of habitats: from marine 
waters (Schaeffer, 1926; Vrs, 1992); from freshwater (as plankton in lakes, 
Kutkuhn, 1958; Kristiansen, 1979); from activated sludge plants (Biernacker, 1958; 
Bark, 1973; Sydenham, 1971); from percolating filters (Barker, 1946); from small 
streams and ponds (Leidy, 1879; Cash and Hopkinson, 1909; Lackey, 1944; Bark, 
1973); from sphagnum swamps (Cash and Hopkinson, 1909); from soil (Balik, 
1994); from fecal material (Watson, 1945); and even from cooling towers (Srikanth 
and Berk, 1993, 1994). It is perhaps surprising, therefore, to find that these organisms 
have not formed the subject of any major investigation. With a few exceptions, little 
or no interest has been expressed in the genus since the first quarter of this past 
century (de Saedeleer, 1932; Valkanov, 1932; Bernheimer 1938; Bovee et al., 1964). 

Cochliopodium was described by Hertwig and Lesser (1874) to accommodate 
two species, namely C. pellucidum and C. pilosum. Fourteen species are now 
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Fics. 1-2. Electron micrograph of surface scales. 1. Cochliopodium bilimbosum. 2. Lepido- 
trachelophyllum fornicus. Scale bar = 1 pm. 


recognized. The taxonomic position of the genus has been the subject of dispute. It 
has been variously described as a testate amoeba with a thin and flexible test (Cash 
and Hopkinson, 1909; de Saedeleer, 1934) and as a naked amoeba with stiffened 
pellicle (Schaeffer, 1926). Subsequently, de Saedeleer (1934) placed Cochliopodium 
in the family Testacea, and Schaeffer (1926) within the Amoebina. The most recent 
treatment places the genus in the Euamoebae (Patterson and Hedley, 1992) and the 
Class Lobosea (Phylum Rhizopoda) (Corliss, 1994). This group as now constituted 
includes the rhizoid amoebae which have one or more broad pseudopodia, and a firm 
Shell. In addition, cells of Cochliopodium when observed with phase microscopy, 
possess a regular pattern on their surface (scales) that appear as a series of radiating 
dots and internal crystals. 


Metuops—Lake Butler, where C. bilimbosum occurred, is a small eutrophic freshwater body in Union 
County, Florida (T5S, R20E, Sect. 30). Plankton samples were taken on 2 March 1995 with a 10 um mesh 
plankton net. Surface water temperature was 18.5°C and a pH 6.0. The samples were fixed and stored in 
acidic Lugol’s iodine. Material for examination by transmission electron microscopy (TEM) was air-dried on 
Formvar-coated, carbon-stabilized mesh grids. The grids, without staining or shadowing, were examined in 
a Philips 300 TEM (Wujek and Bland, 1991). 


RESULTS AND Discusslon—Cells with associated scales were observed in the 
TEM preparations (Fig. 1). The structure of the scales clearly identified them as 
belonging to Cochliopodium bilimbosum (Auerbach) Leidy. Each scale consisted of 
a flat circular base plate from which arose perpendicularly a lattice-like column 
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surmounted by a funnel-shaped capital. The scales lay directly on the plasma 
membrane (Bark, 1973). No cells were observed using light microscopy. Electron 
microscopy is now required for species identification. The only electron microscope 
records of this taxon are those of Bark (1973), Kristiansen (1979) and V@rs (1992). 
This report is the first TEM observation of the taxon for North America. 

Lepidotrachelophyllum fornicus is placed among the haptorid Ciliophora 
(Patterson and Hedley, 1992), a group of predatory ciliates which make use of 
extrudosomes, a structure that can be extruded (e.g., to catch or kill prey, or for 
protection) around the mouth region. The mouth may be apical (as in this taxon) or 
arranged along one flattened margin of the cell. Cells of the closely related genus 
Trachelophyllum are often observed in sewage treatment ponds. Phytoplankton 
samples containing this organism were collected 3 and 4 March 2000 respectively 
from Pandus Lake, Dade County. Florida (water temperature 24°C, pH 8.3, 
conductivity 852 S), and the Broward County canal system (26°10'N, 80°13’84W, 
water temperature 24°C, pH 7.9, and conductivity 639 uS). Collection and 
observations were made as described above. Only isolated scales were observed in 
the TEM preparations (Fig. 2). Nicholls and Lynn (1984) have shown the scales to 
be organic and not composed of silica or calcium, the elements that comprise scales 
within the Chrysophyta (sensu lato). 

Since its original description from Ontario, Canada (Nicholls and Lynn, 1984), 
Lepidotrachelophyllum fornicus has been reported from the Carolinas (Wujek et al., 
1999), 
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ABSTRACT: An investigation of the ichthyofauna inhabiting the restored mangrove wetlands of Bill 
Baggs Cape Florida State Park, Miami-Dade County, Florida, was conducted during consecutive wet and 
dry seasons. Twenty-eight locations were sampled using seines. Measurements of water quality, depth and 
benthic plant coverage were also taken. A total of 25 fish taxa were found: the most frequently occurring 
were the epibenthic species goldspotted killifish (Floridichthys carpio), yellowfin mojarra (Gerres cinerus) 
and rainwater killifish (Lucania parva). Seasonal differences in frequency of occurrence were restricted to 
three fishes: rainwater killifish, great barracuda (Sphyraena barracuda) and striped mullet (Mugil 
cephalus). Fish diversity (taxonomic richness) among the oldest mangrove habitats was significantly 
higher than among more recently planted habitats. Most of the fish-habitat correlations examined were 
weak; however, those with water temperature, depth and dissolved oxygen were significant. The presence 
of the subadult gray snapper (Lutjanus griseus), bluestriped grunt (Haemulon sciurus) and sailors choice 
(Haemulon parra) indicates that the area may be functioning in support of species with fisheries value. 


Key Words: Mangrove Restoration, Fish Community, Biscayne Bay, Succession 


FROM 1925 to 1976, over 80% of the wetland habitats surrounding Biscayne Bay 
were lost as a result of rapid urban, suburban and agricultural development (Harlem, 
1979; Snedaker and Biber, 1996). These losses prompted the Miami-Dade 
Department of Environmental Resource Management (DERM) and the Florida 
Division of Recreation and Parks to devote approximately $6.6 million toward habitat 
restoration, with particular emphasis on re-establishing areas historically dominated 
by emergent marshes, mangroves and seagrass (Huck, 1995; Milano, 1999a). While 
highly-refined engineering techniques are generally employed in wetland restoration 
projects, effective monitoring programs designed to track the changes in associated 
animal communities are often slow to implement or entirely lacking (Shirley, 1992; 
Lewis et al., 1994; Farnsworth and Ellison, 1997; Kaly and Jones, 1998). This was 
largely the case for 120 hectares of wetland habitat comprising several restoration 
efforts by DERM from 1990 to 2000 (Milano, 1999a). The purpose of the present 
study was to investigate fish utilization of the restored mangrove wetland located 
within the Bill Baggs Cape Florida State Park (BBCFSP), Key Biscayne. Sampling 
was conducted during two consecutive seasons to provide the first spatially-explicit 
fish distribution and diversity information for the area. 


METHODs—Study site—The restored mangrove area under study was a 30-hectare (75-acre) tract on 
southern Key Biscayne adjacent to Biscayne Bay (Fig. 1). Restoration was implemented over a 5-year 
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Fic. 1. Geo-referenced aerial photo of the mangrove restoration site at Bill Baggs Cape Florida State 
Park, Key Biscayne, Florida. 


period (1994-1999). Filled for development prior to the location’s designation as a state park, restoration 
of the site included removal of exotic tree species and excavation of about 480,000 m° of solid waste and 
dredge spoil (Milano, 1999b). This was necessary to lower overall elevation to levels consistent with 
historical literature and aerial photographs (Huck, 1995). Next, tidal flats were created which, by design, 
flooded at high tide and entirely drained at low tide (Milano, 1999a). Within the flats, a labyrinth of 3 to 
5—m wide “‘creeks’’ was created that terminated in 28 small, circular “‘bulbs’’, hereafter referred to as 
ponds (Fig. 1). Nominal pond depth (i.e., at construction) ranged from 40 to 70 cm (as referenced to 
National Geodetic Vertical Datum of 1929). Planting of red mangrove (Rhizophora mangle) seedlings was 
conducted in phases. Phase I was initiated in early 1997, Phase II in early 1998 and Phase III in late 1998. 
Mangrove areas created during Phases I, II and III are henceforth referred to as 1, 1.5 and 3-year-old 
mangrove areas, respectively. There were 8, 13 and 7 ponds occurring in the 1.0, 1.5 and 3.0-year-old 
mangrove zones, respectively (Fig. 2). At the time of sampling, the planted red mangrove trees ranged 
from 0.5 to 1.5 m tall; natural recruitment of black mangrove, Avicennia germinans, white mangrove, 
Laguncularia racemosa, and the mangrove associate Conocarpus erectus was also evident. 


Sampling—Field studies were conducted within 5-day periods during September 2000 (wet season) 
and February 2001 (dry season). Habitat data were collected from all 28 ponds during mid-day low tide. 
Water temperature, salinity and dissolved oxygen (DO) were measured with a Hydrolab® multiprobe 
instrument. Water depth was measured at each pond’s center using a polyvinyl chloride pole marked in 
centimeter increments. Plant taxa were determined for each pond in the field (Littler et al., 1989). Percent 
plant coverage over each pond’s substrate was ranked visually using the Braun-Blanquet scale where | = 
0-5%, 2 = 6-25%, 3 = 26-50%, 4 = 51-75% and 5 = 76—100% (Sutherland, 1996). Fish sampling was 
conducted by collecting from each pond using a 3 mm mesh, center-bag haul seine measuring 9.1 X 1.2 
m. Only about 25% of the bottom area of each pond was seined each season to allay concerns that 
sampling itself would severely deplete the newly-established fish assemblages. Individuals > 100 mm total 
length (TL) were identified in the field, measured and released. For individuals <100 mm TL, a sample 
representative of the taxonomic composition of the assemblage and the size range of each taxon was 
retained from each pond and placed on ice. In the laboratory, all specimens were identified to the lowest 
possible level (1.e., species or genus using Robins et al., 1986) and a minimum and maximum TL was 
determined for each taxon in each sample. 
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Fic. 2. Fish diversity (taxonomic richness) in each pond during the wet (hatched bars) and dry 
seasons (black bars). Diversity values ranged from 2 to 10 taxa in the wet season and from 2 to 13 taxa in 
the dry season. 


Data analyses—A geographical information system (GIS) was utilized to estimate individual pond 
areas, distance from pond to tidal inlet and to produce site maps. The maps were based on aerial survey 
photographs that were geo-referenced to the Florida State Plane Coordinate System, East Zone (3601) 
1983 datum. Statistical analyses were performed using SAS computer software. Variation in fish diversity 
(i.e., number of fish taxa per pond) and maximum fish size (total length) was analyzed using analysis of 
variance (ANOVA) models followed by t-tests. Initially, *‘full’” ANOVA models consisting of the factors 
mangrove age, season and mangrove age X season were applied. In the event that the interaction term was 
found to be non-significant (i.e., p > 0.05), it was removed and the models re-run until all model terms 
were significant (Hocking, 1976; Draper and Smith, 1981). Relationships among fish assemblage and 
habitat measurements were explored graphically and by examining Pearson correlation coefficients. 
Statistical significance for all analyses was declared at p < 0.05. 


ResuLTts—tThe surface area of ponds ranged from 170 to 370 m?. Pond water 
depth at low tide varied from 29 to 80 cm during the wet season and 20 to 63 cm 
during the dry season. Whereas seasonal differences in salinity and DO were minor, 
water temperatures varied significantly (p < 0.001) by season with ranges of 28.4 to 
32.3°C and 23.6 to 29.4°C during wet and dry seasons, respectively (Table 1). 
Halodule wrightii was the dominant seagrass observed on the ponds’ substrates; 
Penicillus sp. and Bryopsis sp. were the dominant macroalgal taxa. Large mats of 
Bryopsis sp. were also found on the exposed surface of the tidal flats of the 3-year- 
old mangrove area. The ponds had a mean plant diversity value of 1.7 (Table 1); 
median and mean benthic plant coverage (Braun-Blanquet scale) for all ponds was 
5.0 and 4.4, respectively. 

A total of 25 fish taxa representing 18 families was collected from the 28 ponds 
with 15 taxa occurring during the wet season and 23 taxa during the dry season 
(Table 2). The most ubiquitous fish taxa were goldspotted killifish (Floridichthys 
carpio) yellowfin mojarra (Gerres cinerus) and rainwater killifish (Lucania parva). 
Seasonal differences in the frequency of occurrence of goldspotted killifish and 


bS 


BARIMO AND SERAFY—RESTORED HABITAT FISHES 


No. 1 2003] 


¢ G iS 8 ES 9L'9 LiCe VASE OI oo vvv 61le 6872 6V € x 
S (6 € 6 cS OLY oe [Sc OI 6S 6L'¢ Sce 06¢ 60 te M 
¢ € S ¢ Iv OLS 6ce Le 8 cs lov OIE 6 cs S A 
¢ I C SI OS OL Sige (GLE 9 8S cls GE AXE dN cl N 
¢ G € 9 SS S79 wigs SG 9 Iv 6's 9CE = 867 6V cl L 
¢ € ¢ t Ce 0¢'6 Ss IL ILE Vv GE Lg9 GE WOE 9V cl S) 
¢ iS S L ty £98 Siks OLE Vv LV Ics 6Ce. Y96¢ OL cl ad 
¢ 6 € 8 SC 06°L Cee 8 87¢ ¢ 08 COL CG OM UL 6V cl ) 
¢ C € € Ie 88°83 Wee Ste v 67 6c L 9CE 90E eV Cl d 
Vv I Vv € 9C OL TI See 0? ¢ Oe 6v'8 DICE vale eV cl O 
¢ € t 9 SC SoC Vive ~~ 8 8C C (G3 Mele Lo Cees GG eV cl N 
¢ C © C VC BOL Glle EXC € St 66'S NG. WANE eV cl W 
v c € v (GG SsOl 81k T162¢ ¢ 9¢ v8°9 Sie GUE tv Cl T 
Vv C € v CC OL ie like [6c v St GUI SGs 13 Ge OV cl Ds 
¢ C € v ce 0C'8 ‘3 Gs VE ¢ 6€ tv L SUS. SIE OV Cl If 
Vv C € ¢ Oc 9V'8 its SLE 1 (G3 698 Sige OIE OV cl I 
aN dN aN Cc GG vol 6 lt [Sc e cs eS) 8cE = © OC CaN I H 
v I G ¢ ce 09° Lio (8 VC v €9 897 NEE T0e CaN I D 
e I G v (69 6V'C COE 868 vc v 19 NEG OICE = i0d 9V I | 
g I C C 8E 9e'1 ClE G6£€7¢ ¢ CL 88°C LICE ~ 188 v9 Lt dq 
c I G it 8V 81°C ie SteG 9 OF Ore OCE €8C v9 I d 
io I G 8 9V vv ~ GMs SHE Vv OE tov 9CE = 6 BC v9 I e) 
ie I C lL 6¢ L8C IS SLRS ¢ 8L vo'V 9CE 8c cS I da 
dN 0 I Ol €9 SY Valen LOG € 89 116 (TINE G(GS OL I V 
BBVIDAOD §=- HOT FY oseiquiossy ssouysry (wo) (uidd) (idd) (9,) ssouyory (uo) (udd) (Idd) (9) (wd) yidaq (SIA) O8V—OC ZT 
dds BxXe | yidoq od jes dwoy BXe | uyidoq od es dwoy yINgsv ASIN puog 
AUNUIWOD juR[g dIyUOg 1007 Uoseag AIq OOOZ UOSvaS 19M 


‘(S[IeJop JOJ 1X9} 90S) SsuLyuRI jonbuelg-uneIg oe a3eI9A09 AYLUNUIWOD JULI OTYJUOG JOpUN sonyeA “PoUTWIOJOp JoU = GN PUR SAOISULL = AD|A[ ‘UOSvAS 19M OY) 
suLinp pojdwes Ayuo sem AjuNWUUOD JURId oIYyJUEG OYJ, ‘UONeIs BuI[duIes Yovo JOJ SUOTRAIOSGO JOyIO pu AJISIOAIP YSY ‘SUSAINSBOLU QIquLIvA Jeger “| ATaV I, 


[VOL. 66 


FLORIDA SCIENTIST 


16 


“UnuIpnjsay visspjoy [-e\kydoropy-MYysiiMm “FE = ¢ “eikydoioyyD = p ‘eidydoropyo-mysiim “Y= ¢ ‘mySrum ajnpo|PH = ZT ‘pnu = | ‘sasequiassy o1mjuog 


DL Ee a eee 


¢ C tg cl cv OI'V 8ce =6 OST 9 60 SOE WCE C 6C 6v c dv 
Vv ¢ c g cv OLS L Ge Live ¢ cS Irs SCE COC 6V c VV 
g I C 9 es SSL Cle LAE C 8S LOT SCe 19 8C 6V t Zi 
Vv I (4 ib es SSL Cle LEBEG V c9 9E 7 ECE “8X 6V te A 


EEE ee 
BdPIDAOD »=- YOY pese[quiassy ssouyory (wo) (wdd) (dd) (9,)  ssouyory (wo) (wdd) (add) (D,.) (wo) uyideq (sik) ody Qt 


dds BXRL yidaq od [eS = dway, exe yidaq od es duwoy yIngsy ASI puog 
AWUNUTUOD JuUR][g seg 1007 uoseag AIG OOOT UOSBIS 19M 
8SS—s—sSsm0s——aoaoaoaoamnanampmOoOoOomnmDromDnDmanawaaa9aRaDR eee xXExX=x_ EEE me 


‘ponunuod "| aIsV 


17 


BARIMO AND SERAFY—RESTORED HABITAT FISHES 


No. 1 2003] 


ee eee ee ee SS ee es 


v9 


6V 


CCl 
6cl 


6cl 


16 
ve 
91 
VI 
91 
el 


fas Noy Nol Wey 6A Gal GA AIG) GA) Stet SS Se 


OONA FC 
NA a Om 


6C 


vs 


MN ONae ea oem 


NreaunwrFTnnn nN 


WY 
4 


9C 


Ne) a9) (x) ae) 4 


9C 


oepradnia 
oepllieuugjuy 
oepleos 
oeplieds 
oepiuosody 
sepluojog 
oepiprsny] 
oeprs[Os 
sepiiqo’) 
oeplyneisuy 
oepruehiny] 
sepnuopor.a |, 
oepriqo’y 
oeprynusepy 
oeprlynwiorey 
sepriqo 
ouplunoyyy 
oeplrsnyy] 
oepryjeusucks 
sepluojog 
sepruseiAyds 
seploayH 


sepruopoutidd,) 


JepIaLayH 


sepnuopoutidé,) 


pupnspl pjnsuasivy] 
OLASIY OLAISUFT 
wniajdoskiyo Dwuosiivds 
saploquoy. Uoposvy 
SnIn]D uosodvd.AsSy 
DULIDUL DAN]KSUO.S 
DUAN ISN 

SNJDIULY] SNATYIAV 

‘dds sniqoskyog 
PYyoHUL DOYIUY 
snasiis snuvlinT 
snauipnysaj sapiosaoyds 
wNJSNGO1 DUOSOIGOH 
SNANIIS UO[NWADE 
piiod uojnwavyH 
sapioudks sniqosoydoT 
sadys sn4owoullayly 
snjoydad [18np 

1JaaAors SNYyIDUSUKS 
DIDJOU DAN]KSUO.LS 
ppnoviivg duav.iKyds 
‘dds snwojsouiong 
pvaivd pIuvINT 

SNAIUII SALMID) 

o1dupd SKYIYIIPIAO] 


dUIpIeS paged 
ysyuinssesies 
ysyjoued [ieypoy 
ysguld 

Ysyyeurpieo ozuolg 
Ysyo[poou onuepy 
JOT[NUT SHY AA 

gjos pourT 

Aqos poqliosopuy) 
Aaoyoue Keg 
Joddeus Avin 
Joyjnd paraysoyD 
Aqos 9pod 

yunIs podiyson,g 
Jo10YO sIOTIeS 
Aqgos pa\salg 
SPISIOATIS proypsiep] 
joT[NU pedins 
ysyodid Jjn5 
ysyo[poou UYpoy 
epnovieg waH 
‘dds vurlop 
YsyEy toyemurey 
viefoul UY MOTI A 
YysyrEy penodspjoH 


cl 


es ee Od ee eee 


“XP 


“UIA 


(WU) YSUD] [210], 


me o0000O0— eo 


[PIO L 


1oAId 


‘boi VOUDLINIIQC) 


OOM 


Ayrure | 


sotoodg 


oulvu UOULUO,) 


yuey 


“QOUATINIIO 


jo Kouanbayy [pesoao hq poyurs ore exe) YSI{ “Bore UONRIOJSOI DAOISULLL ASIOAA SY) Iv puod Yous Ie poinjdeo soysy JO osuel 9ZIs puv DOUdLINSIO “7 ATAV], 


18 FLORIDA SCIENTIST [VOL. 66 


yellowfin mojarra were minor. Rainwater killifish occurred in three times more 
ponds during the dry season than the wet season. Great barracuda (Sphyraena 
barracuda) occurred in 93% of the ponds in the wet season, but was absent from dry 
season samples. In contrast, striped mullet (Mugil cephalus) were absent during the 
wet season, but occurred in 42% of the ponds during the dry season. 

Analysis of variance indicated mangrove age (F = 4.09, df = 55, p = 0.02) was 
the principal factor affecting fish diversity (1.e., season and season X mangrove age 
interaction terms were non-significant). Subsequent t-tests revealed that mean fish 
diversity in the 3-year-old mangroves (6.9 taxa) was significantly higher (p < 0.02) 
than the two ‘‘younger’’ mangrove-fringed habitats (Fig. 3). Fish diversity in the 1 
and 1.5-year-old mangrove habitats (4.9 and 4.8 taxa per pond, respectively) did not 
differ significantly from one another. Although there was no statistical difference in 
mean fish diversity between seasons, values were slightly lower in the wet season 
(mean = 4.9 taxa) than the dry season (mean = 5.9 taxa). 

Analysis of variance indicated mangrove age (F = 4.06, df = 55, p = 0.02) was 
the principal factor affecting maximum fish size. As with fish diversity, season and 
the interaction term were not significant. Subsequent t-tests revealed that maximum 
fish size in the deeper 3-year-old mangrove was significantly higher (p < 0.008) 
than the shallower 1.5-year-old mangrove (Fig. 3). Although there was no statistical 
difference in maximum size between seasons, maximum size (per pond) was higher 
in the wet season (mean = 168 mm) than the dry season (mean = 127 mm). 

Fish diversity was positively correlated with depth and negatively correlated 
with temperature (Fig. 4). Maximum fish size was positively correlated with depth, 
but negatively correlated with dissolved oxygen levels. Benthic plant diversity was 
negatively associated with depth. A multiple regression approach whereby depth, 
temperature and dissolved oxygen were independent variables was not attempted 
due to significant correlations among them. 


DiscussioN—The present study revealed that an assemblage composed of 
mostly small, native, epibenthic fishes has colonized the restored mangrove area. For 
most taxa, there were no clear seasonal differences in their frequency of occurrence, 
but for at least three taxa (1.e., rainwater killifish, great barracuda and striped mullet) 
seasonal changes were apparent. The observation of barracuda utilization during the 
wet season is consistent with that of de Sylva (1970) who stated that young 
barracuda move from the shallows into deeper waters during the cool, dry season. 
Seasonal differences in the occurrence of striped mullet (VW. cephalus) are also 
consistent with a study in the Indian River Lagoon, Florida (Adams and Tremain, 
1995). Although these authors provided no causal factors, this species may also 
make seasonal habitat shifts. 

Although direct correlations were weak, the benthic plant community likely 
shaped the resident fish assemblage. We found substantial natural recruitment of 
seagrasses and macroalgae, and that shallow ponds had a greater percent plant cover 
than deeper ponds. This is probably a function of available sunlight reaching the 
benthos; however, the deepest ponds were constructed more recently and seemingly 
higher levels of turbidity in them may have influenced this result. Shirley (1992) 
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Fic. 3. Upper panel: Mean fish diversity (taxonomic richness + | standard error) in relationship to 
the age of mangroves that fringe ponds (seasons combined). Lower panel: Mean maximum fish size (total 
length + 1 standard error) in relationship to age of the mangroves that fringe ponds (seasons combined). 
Means values that share the same lowercase letters are not statistically different. 


reported fish assemblage changes in a mangrove restoration project in southwestern 
Florida. Sampling with small traps and quadrats, he compared fish and macro- 
invertebrate assemblages at a restored and a natural site. He attributed faunal 
differences to lower detritus content and sediment grain size at the restored site. 
The list of 25 fish taxa thus far found at BBCFSP does fall short of the 34 taxa 
found in visual surveys of natural fringing mangrove habitats in Biscayne Bay 
proper (Serafy, unpublished data). A similar finding was reported in the Persian Gulf 
where from 26 to 30 juvenile fish species were found in natural mangrove habitat 
compared with 13 to 22 in replanted mangroves (Al-Khayat and Jones, 1999). 
However, the BBCFSP and Biscayne Bay sites had differing geomorphologies, the 
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Maximum Distance Plant 

Fish Fish From Species 

Diversit Size Temp. DO Salinit Depth Inlet Richness 


Fish 1 
Diversity 0 
56 
Maximum | 0.52323 1 
Fish 0.0001 0 
Size 56 56 
Temp. -0.33733 0.02819 1 
0.011 0.8366 0 
56 56 56 
DO -0.18844 -0.26906 0.43754 1 
0.1643 0.0449 0.0007 0 
56 56 56 56 
Salinity 0.10456 0.13418 0.23687 0.22151 il 
0.4431 0.3242 0.0788 0.1009 0 
56 56 56 56 56 
Depth 0.31854 0.31191 -0.40076 -0.66621 -0.21204 1 
0.0167 0.0193 0.0022 0.0001 0.1167 0 
56 56 56 56 56 56 
Distance | -0.00437 0.02408 -0.1936 -0.37215 -0.22321 0.2079 1 
From 0.9745 0.8602 0.1528 0.0047 0.0982 0.1242 0 
Inlet 56 56 56 56 56 56 56 
Plant 0.16345 -0.22998 0.18978 0.20026 0.09787 -0.6309 0 1 
Species 0.4153 0.2485 0.3431 0.3166 0.6272 0.0004 0 0 
Richness 26 26 26 26 26 26 0 26 


Fic. 4. Results of fish-habitat correlation analysis. Three values in each cell are (top-bottom): 
Pearson correlation coefficients (r-values), probability values, and number of observations (n). Values in 
bold are statistically significant at the p < 0.05 level. 


studies encompassed differing spatial scales and sampling effort, and the restoration 
site and its associated fish community 1s likely still evolving. 
Our results indicate that mangrove age and water depth are among the most 


important factors controlling fish diversity and maximum size in this restored 
habitat; however, it is important to note that mean as-built depths for the 1, 1.5 and 
3-year-old mangroves were 60, 46 and 57 cm, respectively. The generally shallower 
depths of the 1.5-year-old mangroves may explain why fish diversity and maximum 
size values were slightly depressed (Fig. 3) relative to the 1-year-old mangroves. 
However, 4 of 7 rare fish taxa (<2 occurrences) were found exclusively in the 
shallower 1.5-year-old mangroves suggesting the importance of the benthic 
community and habitat heterogeneity in maintaining fish diversity. Similar to our 
study, the lowest fish diversity values found by Al-Khayat and Jones (1999) were in 
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their most-recently restored mangrove locations. Collectively, these results suggest 
that fish community diversity will increase as the system matures and, may 
eventually attain values found in natural mangrove areas. Mangroves are known to 
provide fishes with a protected habitat (Laegdsgaard and Johnson, 2001) and their 
leaves are considered the foundation of a detritus-based food web (Odum et al., 
1982). The extent to which changes in fish taxonomic composition and community 
structure and function are ultimately driven, or influenced, by the accumulation of 
mangrove and seagrass detritus represents an interesting topic for further research. 

The restored mangrove habitat at BBCFSP is undoubtedly a success in terms 
of the establishment, growth and recruitment of mangrove trees, seagrass and 
macroalgae; these features appear to have combined to provide living habitat for at 
least 25 fish taxa. The sinuous physical design of the mangrove restoration area 
creeks, and the planned and unplanned variability in pond depth and area appear to 
have aided in the development of a small, but growing fish community. Although 
their respective distributions were limited, the presence of the subadult gray snap- 
per (Lutjanus griseus), bluestriped grunt (Haemulon sciurus) and sailors choice 
(Haemulon parra) indicates that the area may already be functioning to support 
species of fisheries value. Similarly, economically important fishes were also found 
to exploit restored salt marsh habitat in Tampa Bay within 3 years of development at 
levels comparable to natural sites (Kurt et al., 1997), which further demonstrates the 
importance of coastal habitat restoration as a viable conservation strategy. We suggest 
that resource managers currently involved in (or planning) wetland restoration allocate 
sufficient resources to post-construction fish assemblage monitoring as it represents 
a rapid, low-cost means of evaluating the ecological function of restored areas and 
may provide valuable insight into improving their design. 
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ABSTRACT: We present a complete, updated inventory of free-living copepod crustaceans from 
Everglades National Park and outside its northeastern border, and adjacent Big Cypress National 
Preserve, based both on published information, and on unpublished data collected during recent long- 
term research on surface- and groundwater-dwelling copepods. We provide detailed information on the 
ecology of the species, and a taxonomic key for their identification. 


Key Words: copepods, checklist, Everglades, taxonomic key 


THE FLORIDA Everglades is an extensive subtropical wetland ecosystem, formed 
during the past 5,000 years when peat and marl were deposited within the pre- 
existing limestone depression (Gleason and Stone, 1994). Everglades National Park 
(ENP) is a 0.9 million-hectare wilderness at the southern tip of Florida, U.S.A., 
which was established as a national park in 1947. The Park is bordered by Big 
Cypress National Preserve to the west and north, by Water Conservation Areas 3A 
and 3B to the north, and by developed urban and agricultural areas to the east along 
the Atlantic Coastal Ridge. To the south, the Park includes part of the mangrove- 
lined coasts of Florida Bay, one of the most extensive mangrove swamps on earth. 
Sawgrass marshes, dominated by Cladium jamaicense, cover most of the freshwater 
part of the Everglades. These marshes are interspersed with wet prairies and sloughs 
that support aquatic macrophytes (Olmsted and Loope, 1984), and tree islands, 
locally called hammocks (Davis, 1943; Loveless, 1959; Davis et al., 1994) (Fig. 1). 

Published information on the composition and distribution of freshwater 
copepod crustaceans in ENP is more complete than for other groups of 
microinvertebrates (Rader, 1999). Van Meter-Kasanof (1973) identified a ‘‘Cyclops 
sp.’ from plankton net tows in a shallow, open-water habitat. Loftus and co-workers 
(1990) provided quantitative estimates of copepods in the water column in Shark 
River Slough, reporting a density of 1,106 ind/m* for adult and subadult cyclopoids, 
and 2,032 ind/m* for copepod nauplii. Reid (1989, 1992a) identified 13 species of 
copepods from Shark River Slough: | calanoid, 3 harpacticoids, and 9 cyclopoids, 2 
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Fic. 1. Extreme southern Florida showing the boundaries of Everglades National Park and the main 
landscape features. Collection sites (in hexagons) as coded in Table 1. Abbreviations: SRS: Shark River 
Slough; NESRS: Northeast Shark River Slough; WCA-3A: Water Conservation Area 3A; WCA-3B: 
Water Conservation Area 3B;L-31W: canal levee system; L-67 ext.: L-67 levee extension; S-12 A, B, C, 
D: S-12 pumping stations; S-333: pumping station. 


of which were new to science (Thermocyclops parvus and Eucyclops conrowae). 
Three new species of harpacticoids (Elaphoidella marjoryae, Elaphoidella 
fluviusherbae, and Nitokra evergladensis) were described, and one species of 
cyclopoid and two species of harpacticoids were redescribed by Bruno and co- 
workers (2000, 2002a) from surface- and groundwaters in the Rocky Glades marl 
prairies. Loftus and Reid (2000) and Bruno and co-workers (2001) studied the 
emergence of copepods from rehydrated soil patches from sites with different 
hydroperiods within ENP, and reported new park records for 12 species. Bruno and 
co-workers (2002b) studied community composition of planktonic copepods from 
the Rocky Glades and Taylor Slough, reporting a total of 22 copepod species: 2 
calanoids, 2 harpacticoids, and 18 cyclopoids, 1 of which was a new record for 
Florida. Bruno (unpubl. data) collected extensively from groundwater in the Rocky 
Glades and outside ENP, along canals in the Atlantic Coastal Ridge east of the 
border with ENP. 

These extensive new data reflect the increased number of research studies on 
aquatic communities of ENP, because of Everglades restoration efforts. South 
Florida is the site of the largest ecosystem restoration program in history, which will 
lead to changes in hydropatterns and therefore in aquatic communities. We provide 
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information on the ecology and biology of each species listed, which will be useful 
in considering the effects of the restoration projects. 

We present here a complete, updated inventory of copepod crustaceans, based 
on the published reports on surface- and groundwater-dwelling copepods by Reid 
(1989, 1992a), Loftus and Reid (2000), and Bruno and co-workers (2000, 2001, 
2002a, 2002b), as well as on previously unpublished records by Bruno from wells 
and solution holes in the Rocky Glades, and from the water-filled recesses of 
bromeliads. We included records by Reid from a small collection made in Big 
Cypress National Preserve in 1995. All other records refer to Everglades National 
Park, except those reported as collected from groundwaters in north-central Dade 
County. These wells were located outside the eastern border of ENP. We mention 
these records herein, because given the proximity of the sampling area to the ENP, 
the species may occur in the Park, perhaps dispersing into the ENP via canals. 


MATERIALS AND METHODS—Study areas—Freshwater marshes within ENP include a variety of 
vegetation communities along a hydroperiod gradient that ranges from flooding for a short period each 
year to year-round inundation. These communities range from deep sloughs and ponds flooded most of the 
year in wet years, to higher-elevation marl prairies that dry for eight to nine months each year. Because of 
the low topographic elevations and high annual rainfall, the long-hydroperiod habitats occupy most of the 
area of the Park. Hydroperiod is the major factor influencing the unique vegetation patterns of the 
Everglades (Gunderson, 1994). Sawgrass marshes dominated by Cladium jamaicensis cover the most of 
the freshwater Everglades; these marshes are interspersed with wet prairies and slough communities 
composed of various genera of aquatic plants. Long-hydroperiod habitats are characterized by wet prairies 
with peat soil, typical of the sloughs. Plant communities include emergent aquatic plants (Eleocharis 
cellulosa, Rynchospora tracy, Panicum hemitomon, and Sagittaria lancifolia); areas of lower elevation are 
occupied by slough habitats with floating aquatic plants (Nymphaea odorata, N. aquatica, Nuphar 
advena), submerged aquatics (Utricularia foliosa, U. biflora), and periphyton mats. Sloughs are the 
wettest area of the Everglades, under nearly constant inundation, with annual mean water depths of 30 cm 
(Gunderson, 1990). Short-hydroperiod habitats consist of wet prairies with marl soil, which are seasonally 
inundated, and have numerous limestone solution holes that provide habitat for fish and invertebrates 
during the dry season. These prairies are inundated for 3—7 mo/yr on average, to a mean depth of 10 cm 
(Olmstead et al., 1980). Marl prairies have high plant diversity and are dominated by Muhlenbergia filipes 
and Cladium jamaicensis. In the marl prairies, the areas of higher elevation, which are rarely inundated, 
support rockland pine forests, tropical hardwood hammocks, and cypress forests. The rockland pine 
forests occur in the Long Pine Key area. They are composed of a monotypic canopy of Pinus eliotti var. 
densa, with a rich understory of hardwoods, palms, grasses, and forbs. Tropical hardwood hammocks are 
interspersed through the pine forests; at the interface with the sloughs, they are composed mainly of 
evergreen species from the West Indian-Antillean region. The dominant species are Quercus virginiana, 
Lysiloma latisiliquum, Bursera simaruba, Bumelia salicifolia, Nectandra coriacea, Eugenia spp., 
Coccoloba diversifolia, and Ardisia escallonioides. Cypress forests are a minor feature in the Everglades, 
occurring in the western border of the Big Cypress area, and in ENP at the eastern border of Shark River 
Slough. Both are dominated by Taxodium ascendens, which forms tall, dense domes in Big Cypress, and 
cypress prairies in ENP. These prairies are characterized by dwarf cypresses, which have stunted growth, 
and are widely spaced, with a grassy or prairie-like understory. 

Shark River Slough (SRS) is the largest natural drainage system in ENP. It is divided into two 
different hydrological units, SRS and the Northeast SRS (NESRS), by the L-67 levee extension (Fig. 1). 
Surface water enters the western SRS from Water Conservation Area 3A through the S-12 structures (Fig. 
1), whereas water levels in the NESRS respond to local rainfall, inflows through S-333 (Fig. 1), and 
seepage from Water Conservation Area 3B. As a consequence, historic water levels and hydroperiod in 
the NESRS have been strongly reduced. Restoration of the historic flow path in the Northeast and western 
SRS is addressed by the Modified Water Deliveries Project (U.S. Army Corps of Engineers, 1992). SRS is 
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a long-hydroperiod site, with an annual flooding period of 11 months, whereas NESRS is an intermediate- 
hydroperiod site that dries for three to four months nearly every year. 

Taylor Slough (TS) is the second-largest natural drainage system in the Park. Today the prevailing 
hydrologic conditions in this slough are defined by the water-management operations, since the slough is 
largely dependent on water input through the L-31W canal/levee system (Fig. 1) (Van Lent et al., 1999; 
Knight and Kotun, 2000). Taylor Slough is one of the most vulnerable areas of ENP due to impacts from 
human activity, even though it is a prime resource, with a high diversity of plant and animal life (Olmsted 
et al., 1980). Prior to the construction of the canals and other structures of the Central and South Florida 
Project, water levels in the Taylor Slough headwaters in the northeast Rocky Glades were 45 to 75 cm 
higher than at present (Johnson and Fennema, 1989). Taylor Slough is an intermediate-hydroperiod 
habitat, drying for 3-4 months every year. 

The eastern part of ENP between Shark River and Taylor sloughs (Fig. 1) is elevated up to 0.18 m 
higher than the slough, so its peat soils are not well-developed. This area, called Rocky Glades (RG), is 
occupied by marl prairies (Gunderson and Loftus, 1993), discussed above. In the Rocky Glades, a high 
degree of dissolution of the oolitic limestone bedrock has occurred with time, producing a typical karstic 
landscape with thousands of solution holes (Hoffmeister, 1974); some of the holes are connected to the 
groundwater (Loftus et al., 1992). During the wet season (June-October), rainfall and groundwater- 
recharge fill the solution holes and re-flood the wetland surface. In the dry season (November-May), 
surface water disappears as a result of evaporation, percolation, evapotranspiration, and the shutdown of 
pumping operations that introduce water from canals, leaving only the deepest holes containing water. The 
central part of the Rocky Glades, called Long Pine Key, is occupied by rockland pine forests. The Rocky 
Glades are bordered to the west by a limited area of cypress domes, near the edge of SRS, in an area called 
Pa-hay-okee (Fig. 1). 


MeETHODs—This latest checklist of free-living copepods has been compiled from several sources. 
Previous records for the park by Reid (1989, 1992a), Loftus and Reid (2000), and Bruno and co-workers 
(2000, 2001, 2002a, 2002b) provided background information; however, we present unpublished data 
from collections by Bruno in surface and groundwater from 1998 to 2002. 

Sampling methods were reported in detail by Loftus and Reid (2000), and Bruno and co-workers 
(2000, 2001, 2002a, 2002b). For groundwater, we used a portable electric pump connected to a portable 
generator. For surface water, we used a hand pump for solution holes, and inverted funnel traps for 
flooded areas. Nitokra evergladensis and Elaphoidella grandidieri were collected while sampling for 
chironomid pupal exuviae, at the water surface with a dipping pot and a 125 Fm sieve. For the rehydration 
experiments, we collected dry soil plugs, rehydrated the samples in separate aquaria in the laboratory, and 
collected the emerging copepods daily. 


ResuLtts—In Table 1 we present a checklist of free-living copepods in 
freshwater habitats of Everglades National Park and adjacent areas, and their 
ecological classification as epigean (exclusively from surface water), stygoxene 
(organisms that have no affinities with the groundwater systems, but occur 
accidentally in groundwater habitats), stygophile (organisms commonly living in 
surface waters but able to survive and reproduce in groundwater habitats if they are 
not too constraining), and stygobite (exclusively groundwater-dwelling animals). In 
the same table we list the published and unpublished records and the collection sites 
for each taxon, as well as the hydroperiod characteristic of each site. 


Calanoids—We collected two species of calanoids, from both surface- and 
groundwaters. Osphranticum labronectum is a widely distributed freshwater 
centropagid, reported from Canada south as far as Mexico and Guatemala (Bayly, 
1992; Gutiérrez-Aguirre and Suarez-Morales, 1999). It is primarily a species of 
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shallow ephemeral waters, but occasionally inhabits small ponds. This species was 
collected in Missouri in crayfish holes (Creaser, 1931). The record from ENP is the 
southernmost in the U.S.A. Osphranticum labronectum was first collected in surface 
water from Shark River Slough. We collected this species in surface waters from 
short-hydroperiod habitats in the Rocky Glades, and from long-hydroperiod habitats 
at Pa-hay-okee and the northern part of Taylor Slough, from September to the end of 
the wet season, and in solution holes in the Rocky Glades during the dry season. 

Arctodiaptomus floridanus is a diaptomid recorded for the U.S.A. in Florida 
(Marsh, 1926), Georgia (Wilson, 1953), and Oklahoma (Robertson, 1970). It is one 
of the dominant planktonic species in central Florida lakes (e.g., Cowell et al., 1975; 
Fry and Osborne, 1980; Bays and Crisman, 1983; Elmore et al., 1984). In surface 
waters, we collected it at the same stations as O. labronectum, but A. floridanus was 
particularly abundant at the short-hydroperiod sites. At all the sites it was present 
immediately after reflooding (in July), but from September on it was gradually 
replaced by O. labronectum, and by January and February almost no individuals 
were present. 

Surprisingly, both species of calanoids were common in groundwater samples. 
The collection in Everglades groundwaters (Bruno, unpublished data) of hundreds of 
individuals of A. floridanus and O. labronectum widens knowledge of the ecology 
and biology of these taxa. These primarily epigean taxa seemed to follow the 
recession of the water table at the end of the wet season, when they entered 
groundwater in the highly permeable karstic areas of the Rocky Glades. Their 
numbers were also high at the beginning of the wet season when ENP reflooded, and 
they were probably passively transported from permanent waterbodies to seasonally 
dry habitats. 


Cyclopoids—Cyclopoids were the most abundant group, both as number of 
individuals and as number of species, in both surface- and groundwaters. As for 
calanoids, a high percentage of the collections in groundwater were occasional, and 
most of the specimens were collected in shallow wells (3-4.5 m deep), mostly 
during the wet season when the exchange between surface- and groundwaters is 
high. Most species must therefore be considered stygoxenes; only a few taxa can be 
considered truly stygophiles or stygobites (see below). 

Acanthocyclops robustus sensu lato is supposedly distributed worldwide 
(Einsle, 1996). It occurs in ponds (winter, spring) and lakes (summer, autumn), most 
commonly in the pelagic zone and along the edges of ponds (Dodson, 1994), seeps, 
and vernal pools. The taxonomic relationships of the North American members of 
the Acanthocyclops vernalis—robustus complex are incompletely understood; the 
morph present in ENP corresponds to the A. robustus ‘‘warm-water form’’ defined 
by Dodson (1994). In ENP, A. robustus was particularly abundant in the Rocky 
Glades, and in Pa-hay-okee during the wet season, where it was the dominant 
species throughout the season. This species emerged in rehydration experiments, and 
in groundwater, we collected a very few individuals in June outside the northeastern 
border of ENP, and during the dry season in the Rocky Glades (Bruno, unpubl. 
data). 
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Two species of Diacyclops have been found in ENP. The male of D. nearcticus 
was described by Bruno and Reid from specimens collected in a well in the Rocky 
Glades. Diacyclops nearcticus was subsequently collected from other wells in the 
Rocky Glades and outside the northeastern border of ENP, and was most abundant 
from November to January (Bruno, unpubl. data). Diacyclops nearcticus also 
emerged from rehydrated soil patches taken from the Rocky Glades. This is 
probably one of the few stygophile species in ENP. Diacyclops crassicaudis 
brachycercus was represented by one specimen found in a well outside the 
northeastern border of ENP, at 7.5 m depth (Bruno, unpubl. data). This species is 
present in surface waters in Europe, and is widely distributed in North America 
(Reid, 1992b). On both continents, records are mostly from small ephemeral waters 
or puddles, but groundwater records (such as caves, river headwaters, springs, seeps, 
stream hyporheos) are also numerous. 

The ‘‘cosmopolitan’’ species Ectocyclops phaleratus is rare in ENP. It was 
collected in surface waters during the wet season, and in solution holes during the 
dry season. The species also emerged from rehydrated soil taken from Taylor Slough 
and central Shark River Slough. A few individuals were also collected (Bruno et al., 
unpubl. data) from outside the northeastern border of ENP, and one individual from 
groundwater in the Rocky Glades. 

Three species of Eucyclops recorded in ENP were previously known only from 
surface waters. Eucyclops conrowae was described by Reid from collections in SRS 
and Long Lake in ENP, and was subsequently recorded from Yucatan, Mexico 
(Suarez-Morales et al., 1996) and other localities: Maryland (Ishida, pers. comm. to 
Reid, 1993) and Virginia (Reid, unpubl. data). We collected E. conrowae in surface 
waters late in the wet season, from September on. A few individuals were collected 
from groundwater outside the northeastern border of ENP, and a good number were 
collected in groundwater in a well in the Rocky Glades, when the water level 
dropped below the surface in January 2002 (Bruno, unpubl. data). Eucyclops 
conrowae was also collected in Big Cypress in 1995. Eucyclops bondi occurs in 
Central America and the Antilles, and was first recorded in North America by Reid 
in ENP, as a rare species, from SRS. Eucyclops bondi was also rare in our 
collections from surface water, showing the same seasonal pattern as EF. conrowae. 
The third species, E. elegans, was rare in our surface collections; a few individuals 
were also collected in groundwater from the Rocky Glades and outside the 
northeastern border of ENP (Bruno, unpubl. data). This species has been previously 
reported from hyporheic habitats (Strayer and Reid, 1999). 

Homocyclops ater is a planktonic/littoral species, widely distributed in the 
Americas and previously recorded from northern Florida (Dickinson, 1949). In ENP, 
it was collected in middle Shark River Slough, but was rare in our collections from 
surface water. We also collected a few specimens in groundwater from the Rocky 
Glades and outside the northeastern border of ENP (Bruno, unpubl. data). 

Macrocyclops albidus, even though a very common, cosmopolitan (Dussart, 
1969), large epigean species, has been reported to maintain apparently permanent 
populations in interstitial habitats (Strayer, 1988; Strayer and Reid, 1999). This 
species, also known from northern Florida (Dickinson, 1949), was reported in ENP 
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from SRS and Long Lake. We collected M. albidus in solution holes in the Rocky 
Glades in the dry season; it was one of the dominant species in our collections in 
surface water, peaking at the end of the wet season. In groundwaters, we collected 
this species in the Rocky Glades and outside the northeastern border of ENP in high 
numbers, peaking in November (Bruno, unpubl. data). Macrocylops fuscus is also 
a common, cosmopolitan (Dussart, 1969), large epigean species. In our collections 
it was rare but widespread, found in solution holes in the dry season, and at Pa- 
hay-okee and Rocky Glades in the wet season. We also collected a few individuals 
from groundwater outside the northeastern border of ENP (Bruno, unpubl. data). 

Mesocyclops americanus 1s widespread in eastern North America, in small 
permanent and temporary waterbodies (Dussart, 1985; Reid, 1992a). In Florida it 
was collected in Split Sink Cave System in 1981, and in Bear Bay Swamp in Dixie 
County in 1994 (Reid, unpubl. data; material deposited at the Smithsonian National 
Museum of Natural History). In ENP it has been collected in Long Lake and in 
NESRS. In surface waters, we collected this species from solution holes during the 
dry season; in the wet season, it was very abundant in our collections, especially in 
the Rocky Glades sites at the beginning of the wet season. In groundwater samples 
from the Rocky Glades, it was present and abundant in November; in samples from 
outside the northeastern border of ENP, it was abundant in October (Bruno, unpubl. 
data). Mesocyclops edax is a common and often numerous planktonic species in 
southern Canada, the conterminous U.S.A., Mexico, Guatemala, and Cuba (Reid 
and Moreno, 1999). This species occurs mainly in mesotrophic open waters ranging 
from large lakes to marshes, and is apparently stygoxene, since it has been collected 
in groundwater only once (Strayer, 1988). In surface waters, we collected it from 
solution holes during the dry season; M. edax also emerged from rehydrated soil 
taken from the Rocky Glades. During the wet season, M. edax occurred in the same 
spatial-temporal pattern as M. americanus, but was never very abundant except in 
August. Only two individuals were present in groundwater samples taken from the 
Rocky Glades in August 2000 (Bruno, unpubl. data), whereas M. edax was among 
the dominant species in wells outside the northeastern border of ENP in late spring- 
early summer (Bruno, unpubl. data). Mesocyclops reidae was collected once, with 
few individuals, in groundwater outside the northeastern border of ENP (Bruno, 
unpubl. data). The neotropical M. reidae has been reported from Central America, 
Mexico, and Mississippi in the U.S.A. (Petkovski, 1986; Reid, 1993a). In 
Mississippi:it was collected in non-lacustrine wetlands; its presence in Florida 
suggests that it may have colonized the U.S.A. from the southeast. 

A single male of Metacyclops cushae was collected in groundwater outside the 
northeastern border of ENP (Bruno, unpubl. data), this is the first record for the 
conterminous U.S.A. outside Louisiana (Reid, 1991). We also collected a copepodid 
juvenile of Metacyclops sp. from bromeliads in ENP. The identification of this 
copepodid is uncertain; we labeled this species Metacyclops sp. 1 in Table 1, and we 
did not include it in the taxonomic key. Several specimens of a species of 
Metacyclops similar but not identical to M. gracilis (Lilljeborg, 1853) (labelled 
Metacyclops sp. 2 in Table 1 and in the taxonomic key) were collected from 
groundwater in the Rocky Glades (Bruno, unpubl. data). Metacyclops gracilis has 
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been reported from Europe, Africa, Argentina, India, Mongolia, Turkey, and 
Argentina (Dussart and Defaye, 1985), but the few previous records of M. gracilis 
from North America are uncertain (Reid, 1991). 

Microcyclops varicans and M. rubellus are supposedly cosmopolitan species, 
widely recorded in the Americas (Reid, 1992a), and are typically planktonic 
(Dussart, 1969). Both species were reported from central and northern Florida 
respectively by Avery and Undeen (1990) and Dawes and co-workers (1987). Reid 
(1992a) reported both species from NESRS and Long Lake. Microcyclops rubellus 
was collected by Reid in 1995 in Big Cypress. Microcyclops rubellus emerged in 
high numbers from rehydrated soil taken from Shark River Slough, Taylor Slough, 
and the Rocky Glades. It was present in solution holes during the dry season, and 
was abundant at both short- and long-hydroperiod sites during the wet season, with 
a peak at the beginning of the wet season. Microcyclops rubellus has been reported 
from hyporheic groundwater habitats (Strayer and Reid, 1999). We collected it 
rarely from shallow wells in the Rocky Glades, but it was more abundant in the 
wells outside the northeastern border of ENP (Bruno, unpubl. data). Microcyclops 
varicans also occurred in solution holes during the dry season, and was abundant at 
both short- and long-hydroperiod sites during the wet season, particularly in 
September—October. Microcyclops varicans was rare in collections from wells in the 
Rocky Glades, but abundant in wells outside the northeastern border of ENP (Bruno, 
unpubl. data). 

A few individuals of Orthocyclops modestus were collected in surface water. 
This species was abundant throughout the year, but especially during the dry season, 
in spring, in collections from wells in the Rocky Glades at depths from 3 to 7.5 m, and 
in the Atlantic Coastal Ridge to a depth of 13.5 m (Bruno, unpubl. data). This species 
is probably adapted to exploit subterranean habitats in ENP, and can be considered 
stygophile. Reid (unpubl. data) has records mostly from small ephemeral waters, such 
as vernal pools in wooded areas of parks in the District of Columbia and Maryland, 
sloughs in the Great Smoky Mountains National Park (North Carolina), and a record 
from shallow wells in Illinois. It is a species of shallow ephemeral waters, which can 
occasionally enter subterranean habitats with some similarities to vernal pools. 

Both species of Paracyclops reported for ENP, P. poppei and P. chiltoni, have 
been recorded mainly from surface habitats (Karaytug, 1999); P. chiltoni has been 
collected in a hyporheic habitat (Strayer and Reid, 1999). Paracyclops poppet 
emerged in high numbers from rehydrated soil patches taken from the Rocky Glades 
and Taylor Slough, whereas P. chiltoni emerged from rehydrated soil patches taken 
from Shark River Slough. Paracyclops poppei was collected from solution holes 
during the dry season; it was rare in surface waters (Bruno et al., 2002b). We 
collected one specimen from groundwater in the Rocky Glades in February 2001, 
and one in January 2002 (Bruno, unpubl. data). 

Thermocyclops parvus has been reported previously only from surface waters; it 
was originally described from specimens collected in Shark River Slough (Reid, 
1989). We collected T. parvus from solution holes during the dry season. It was rare 
in most of our collections during the wet season; however, in groundwater 
collections from the Rocky Glades, T. parvus was one of the dominant species, 
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particularly abundant during the wet season, with a peak in August. It was collected 
even in the deep wells, at depths up to 9 m. Thermocyclops parvus was also 
dominant in the wells outside the northeastern border of ENP (Bruno, unpubl. data). 

Tropocyclops prasinus was reported from lakes in central Florida by Dawes and 
co-workers (1987). Tropocyclops prasinus mexicanus was collected in Long Lake. 
This species also emerged from rehydrated soils taken from the Rocky Glades. 
During the wet season, it was one of the dominant species and was particularly 
abundant at the Rocky Glades sites, with a strong peak in density in November and 
December. In groundwaters, we collected only 2 individuals in June 2000, from 
a well in the Rocky Glades, and 2 individuals in the wells outside the northeastern 
border of ENP. It was later collected in high numbers in a well in the Rocky Glades, 
in January 2002, just after the surface water in the area had disappeared (Bruno, 
unpubl. data); it can be assumed that the animals followed the receding water table, 
entering the groundwaters. Several specimens of a Tropocyclops possibly attribut- 
able to 7. extensus were collected from a well in the Rocky Glades in January 2002. 
Tropocyclops extensus was described from New Jersey (Kiefer, 1931), and a slightly 
different morph attributed to T. extensus was reported from Haiti (Kiefer, 1934). The 
specimens from ENP conform closely to the measurements given by Kiefer (1934) 
for the specimens from Haiti. The ENP specimens are reported as T. cf. extensus in 
the taxonomic key. 


Harpacticoids—Attheyella americana was collected in solution holes in the 
Rocky Glades, and from surface-water samples in the northern Rocky Glades. This 
species was previously reported from Polk and Leon counties in Florida by Marsh 
(1926) and Wilson (1958). Bruno and co-workers (2002b) redescribed A. americana 
from the material collected in ENP. 

Bryocamptus newyorkensis was described by Chappuis (1927) from specimens 
collected in a pond in New York. The species was redescribed by Bruno and co- 
workers from specimens collected emerging from a rehydrated soil patch from 
Taylor Slough, from surface water in Taylor Slough, and from a well in the Rocky 
Glades, as well as from specimens collected in Great Smoky Mountains National 
Park. The only other verified record of B. newyorkensis is that by Wilson (1956) 
from Louisiana; other published records refer to undescribed morphs similar to B. 
newyorkensis (Reid, unpubl. data). 

Cletocamptus deitersi was reported by Reid (1992a) from SRS, NESRS, and 
Long Lake. This euryhaline species, or species-complex, has been reported nearly 
worldwide (distribution and taxonomic considerations discussed by Mielke, 2000). 
Individuals emerged in high numbers from rehydrated soil taken from Shark River 
and Taylor sloughs. We never collected C. deitersi in any of our later surface- or 
groundwater samples. Cletocamptus deitersi might be adapted only to long- 
hydroperiod habitats, or alternatively might be occasionally colonizing the more 
interior parts of ENP from coastal brackish-water regions. 

One male of a species of Ectinosoma was collected in a 4.5 m-deep well in the 
Rocky Glades in May 2001 (Bruno, unpubl. data). Unfortunately, species-level 
identification in this family is based on the females. 
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Elaphoidella marjoryae and Elaphoidella fluviusherbae are so far known only 
from ENP. Elaphoidella marjoryae was described from specimens collected from 
two shallow wells, a solution hole, and emerging from a rehydrated soil patch, all in 
the Rocky Glades. Elaphoidella fluviusherbae was described from specimens 
collected in one shallow well in the Rocky Glades. The two species appear to be 
rare. Recently, 35 specimens of EF. marjoryae were collected from wells in the 
Rocky Glades (Bruno, unpubl. data). This species seems to be well-adapted to 
groundwater habitats, since we collected females with attached spermatophores, 
ovigerous females, and males with spermatophores. Only 1 female and 1 ovigerous 
female of FE. fluviusherbae have been found in wells in the Rocky Glades, besides 
the 5 specimens of the original collection. A third species of the genus, E. 
grandidieri, was collected in November 2001 from surface water in a water 
detention area along the eastern border of ENP (Fig. 1), near pumping station S- 
332B (Bruno, unpubl. data). This find is a new record for the U.S.A. This 
circumtropical species has been reported in the Americas from widely scattered 
localities: Cuba (Petkovski, 1973), French Guiana (Defaye and Dussart, 1989), 
several locations in Brazil (reviewed by Reid, 1998), Mexico (Suarez-Morales and 
Reid, 1998), and possibly Guadeloupe (Dussart, 1983). The above-mentioned 
detention pond stores water flowing from the Northern Everglades through canal L- 
31N; water is released from the detention pond into Taylor Slough, ENP, when 
water levels in the Park are low. Elaphoidella grandidieri may well be an introduced 
species in ENP. 

Nitokra evergladensis was described from specimens collected from surface 
waters in Taylor Slough, and is known only from that locality. Nitokra bisetosa is 
a marine interstitial species, originally described from the Caribbean coast of Costa 
Rica (Mielke, 1993), and subsequently found on the Pacific coast of Costa Rica 
(Mielke, 1994) and several islands in the Galapagos Archipelago (Mielke, 1997). 
We collected one female specimen in a well in the Rocky Glades in July 2002, at 
8 m depth (Bruno, unpubl. data). The few records of this species suggest a neo- 
tropical distribution. 

Onychocamptus mohammed, \ike Cletocamptus deitersi a widely distributed, 
euryhaline species, was reported by Reid (1992a) from Shark River Slough and 
Long Lake. We never collected this species in any of our later surface- or ground- 
water samples. Like C. deitersi, O. mohammed might be adapted to long- 
hydroperiod habitats, or might be colonizing ENP from the north. 

A single male belonging to the family Parastenocarididae, genus Parastenocaris 
was collected at 4.5 m depth in a well in the Rocky Glades (Bruno, unpubl. data). It 
probably represents a new species. 

Phyllognathopus viguieri was reported by Reid (1992a) from NESRS. This 
species is one of the most widespread continental harpacticoids, collected in surface- 
and groundwaters, as well as phytotelmata; Lehman and Reid (1993) reported it 
from a plant nursery in central Florida. We collected it from groundwaters during the 
dry season, in wells adjacent to Taylor Slough (Bruno, unpubl. data); it was also 
abundant in collections from bromeliads made at the beginning of the 2001 wet 
season (Bruno, unpubl. data). 
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One male belonging to the genus Paramphiascella was collected in a well in the 
Rocky Glades in July 2002, at 6 m depth (Bruno, unpubl. data). It may be a new 
species. 


DiscussioN—Everglades National Park and adjacent areas harbor a total of 39 
taxa of copepods: 2 species of calanoids, 24 cyclopoids, and 13 harpacticoids. 
Surface waters support a diverse copepod community regardless of hydroperiod. 
However, groundwaters, especially in the Rocky Glades, also support a species-rich 
community: a total of 30 taxa were collected from different habitats in the Rocky 
Glades. 

The composition of the freshwater copepod fauna of ENP differs in some 
respects from the species assemblages reported farther north on the Florida 
peninsula. Of the two calanoid species, Osphranticum labronectum has not been 
reported from central or northern Florida. Arctodiaptomus floridanus, common in 
lakes and ponds in central Florida, in the Everglades occurs mainly at short- 
hydroperiod sites after reflooding. The cyclopoid assemblage consists mainly of 
species that are widely distributed in the eastern conterminous U.S.A. or even 
““cosmopolitan’’, with few, apparently endemic taxa (Thermocyclops parvus and 
possibly Metacyclops sp. 2), and a small neotropical group (Mesocyclops reidae, 
Eucyclops bondi, and possibly Tropocyclops cf. extensus). The ENP fauna appears 
to be richer in species than the upper Florida peninsula. However, this impression is 
likely the result of sampling artifact, because in middle and northern Florida, benthic 
and groundwater copepods have been sampled only in a few locations and over short 
periods of time. In particular, more species of harpacticoids have been collected in 
the Everglades than in the rest of Florida. Nevertheless, the proportion of endemic 
taxa is high: the harpacticoid assemblage includes 7 species known from elsewhere, 
3 endemic species, and 3 possibly new species. North American taxa are dominant, 
but there is a small tropical component (Nitokra bisetosa and Elaphoidella 
grandidieri). 

The copepod fauna of ENP is less diverse than faunas of some other tropical 
wetlands (cf. Reid, 1984; 1993b). This may result from historical factors, 1.e., the 
relatively young age of the South Florida peninsula might not have given some taxa 
the opportunity to disperse here. 

Thermocyclops parvus is listed in the WCMC (World Conservation Monitoring 
Centre) database as ““endangered, of low concern, conservation-dependent’’. To this 
category belong taxa which are ‘‘the focus of a continuing taxon-specific or habitat- 
specific conservation program targeted towards the taxon in question, the cessation 
of which would result in the taxon qualifying for one of the threatened categories 
above within a period of five years’’. In ENP, 7. parvus is an important component 
of groundwater communities. Protection of the subterranean fauna should begin with 
the protection of the surrounding surface environment that contributes to the 
dynamics of the surface-subsurface hydrological exchanges, as suggested by Rouch 
and Danielopol (1997). 

Three additional species, Elaphoidella marjoryae, E. fluviusherbae, and 
Nitokra evergladensis, are known only from ENP. All of these were rare in our 
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collections. Parastenocaris sp. also appears to be extremely rare, since only one 
specimen was collected in two years of monthly quantitative sampling in the same 
well. The conservation of groundwater and surface-water quality and quantity in the 
Rocky Glades and Taylor Slough is probably essential to the survival of these rare, 
possibly endemic species. 

Two specimens belonging to two marine families have been collected in 
shallow wells in the Rocky Glades. These records suggest the possibility of 
saltwater intrusion into the deep aquifer, followed by vertical dispersion of these 
animals towards the surface, where they might find more food and _ better- 
oxygenated waters. 
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APPENDIX. Keys to the identification of copepod crustacean species recorded from Everglades 
National Park and environs. Characters refer to both females and males unless otherwise specified. The 
structure and characters used in this key follow, in part, previously published keys by Reid (1991, 1992a, 
1992b, 1993), Reed (1994), Dussart and Defaye (1995), Bruno and co-workers (2000, 2002b), Karaytug 
(1999), and Williamson and Reid (2001). Abbreviations: Al = antennule; A2 = antennae; benp = 
baseoendopodite; enp = endopodite; enp 1—3, endopodite segments 1—3; exp = exopodite; PI-5 = 
thoracic legs 1—5. 


Orders: 


1. First somite posterior to major body articulation, bearing small legs. Al with fewer than 20 
segments. Both right and left Al of male geniculate (markedly transformed and prehensile). P5 
small, not prehensile in male. Female bears 1 ventral or 2 lateral egg sacs................ 2 

— First somite posterior to major body articulation bearing no appendages. Al with more than 
20 segments. Right Al of male geniculate. Both P5s markedly transformed and prehensile 
in male. Female bears 1 ventral egg sac ... /. 2.5 245 « che - eee Calanoida 
2. Body tadpole-shaped, cephalothorax markedly wider than abdomen. Al of 8-17 segments. Two 


lateral e@g: SACS... 5, p20 Ve AD ees Ace Pees ld Gh ees es ee Cyclopoida 
— Body cylindrical, with little difference in width between thorax and abdomen. A1 of fewer 


than 10 (usually 8) segments. One ventral egg sac .=. >... 3.23 soe ee Harpacticoida 
Order Calanoida: 


1. Caudal ramus with setae of unequal lengths, 4th seta from outer (lateral) margin longer and 
stouter than the other setae; P1-4, enps all 3-segmented; P5 with 3-segmented enps, last 


seoment of enp with. 6 long.setac: 0.2 eu. te enee Osphranticum labronectum Forbes, 1882 
— Caudal ramus with setae nearly of equal lengths; Pl enp 2-segmented, P2-4 enps 3-segmented; 
PS with, |-2-"seomented enps2.2 taste a ae ee Arctodiaptomus floridanus (Marsh, 1926) 


Order Cyclopoida: 


(Read 3 choices) 
1. P5 consisting of 1 or 2 distinct segments; female Al 8-17-segmented-:-—.”: . >): eee D 
— P5 consisting of 3 distinct segments; female Al 16-segmented . . 2... 2.232 2 
Re oy RR hed So Oy a ee ae Orthocyclops modestus (Herrick, 1883) 
— P5 completely fused to body somite, consisting of broad plate bearing 2 strong inner (medial) 
spines and | long outer (lateral) seta; female Al 10- or 1l-segmented ......... 
Oe ey Bee RRO a eRe he NL Set Roos areolar Bish yn Ectocyclops phaleratus (Koch, 1838) 
. PS consisting of | distinct, broad segment, bearing | inner spine and 2 outer setae........... 3 
— PS consisting of 1 or 2 distinct, usually narrow segments (proximal segment may be fused to 


N 


body somite, but remnant seta of this segment always present), segment 2 with 1—3 spines 


and setae (if 3, there is 1 middle spine between 2 setae) ...... 25.20 42 ee 10 

3. Female Al of 8, 11, or 12 segments; small species (shorter than’ 1.4 mm)... : >> 727) eee 4 
— Female Al of 17 segments; large species (1.7—2.9 mm long) . Homocyclops ater (Herrick, 1882) 

4, Female Al 8- segmented... 2... sce sl 2 5 
— Female Al 12-segmented ...........0 2005 cc 4. ob e Ob OE 6 


5. Female: caudal ramus with spine row extending longitudinally along dorsal surface ......... 
oes Me hae «Ae ee ee eee eee Paracyclops poppei (Rehberg, 1880) 
— Female: caudal ramus with short transverse spine row only Paracyclops chiltoni (Thomson, 1882) 
6. Caudal ramus of female with tiny spines next to lateral and outermost terminal setae only...... al 
— Caudal ramus of female with longitudinal row of tiny spines along outer margin........... 8 

7. Caudal ramus of female 2.1—2.5 times longer than wide; ratio of lengths of dorsal seta to caudal 
ramusidi3.!2..., See. Los ae eee Tropocyclops prasinus mexicanus Kiefer, 1938 
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— Caudal ramus of female almost exactly 3 times longer than wide; ratio of lengths of dorsal 


Seta OreauGali ramus: 223 0.0.6 os 6 Cale hua See Tropocyclops cf. extensus Kiefer, 1931 
Beanealramus Of female about 3.5 times longer than wide .... 2.65 6.6 eee ee ne tense 9 
— Caudal ramus of female 6—8 times longer than wide ....... Eucyclops elegans (Herrick, 1884) 


9. P4-enp3 with distal seta of inner margin and outer seta short, sclerotized, with blunt tips. Male, 
P6 with long, stout inner spine, reaching well past posterior margin of succeeding 


CORSO Sa a te g eee oc ae UM Re SAM ot iso aaa Eucyclops conrowae Reid, 1992 
— P4-enp3 with all setae slender, plumose. Male, P6 with inner spine shorter than succeeding 

URDS TDI “ga Ren’ Sa GR one Cees en arene ON ar oe er em Eucyclops bondi Kiefer, 1934 

PLP MRGNSE ACCISUMICE SCOMEN(SE 5 cas Rn che io ck fo tev Sebati soe wade see eo 1] 
— P5 with | distinct segment (proximal segment completely fused to somite, may be 

REMBC SC MLCOMI VERS IMI AN SOLA) | a earet stein Sty ie en harem seein ate Gun dius ee eee) oe eal 19 

BemeyaGistal Scoment wide, with 3 spines and Sétae .. 5. 6 ew hee ee ee ee ee ee es 1 

SEyaGistan scement namow, with I-2 spines or setae .........5--.22s2-+55-e-se ne 13 


12. Caudal ramus with hairs on inner margin; distal seta on inner margin of P4-enp3 normal, 
LCURESE LNSUTY GET ORR fa ona a tea Cac ee Macrocyclops fuscus (Jurine, 1820) 
— Caudal ramus with smooth inner margin; distal seta on inner margin of P4-enp3 tiny...... 
wie 0 che Sle ay ONE ERS ON Gis Oh Cae STM ra Re a Macrocyclops albidus (Jurine, 1820) 
13. P5, distal segment bearing | apical seta and 1 long inner marginal or subapical spine (length of 


Spisesmone than:4 times lenpth of distal segment). . 4... 6.8 eee eee Oe ee ee es 14 
— P5, distal segment bearing | apical seta and (usually) | rather short spine or seta (length less 
pMamadalenenouneomdistaliscomenten. Sirs ale. wha ee Ge alow Mees PI. 17 


14. P5, inner spine of distal segment inserted about midlength of inner margin of segment; Al 
female, last segment usually 3 or more times longer than wide; large species (females about 


SPAmeMstPEES SSEAD OMIA) -S IMM LOME) ese Were ee et rs see alee Ree Gee ee a ee NS) 
— P5, inner spine of distal segment inserted subterminally on segment; Al female, last segment 


about 2 times longer than wide; small species (female 0.45-0.49 mm, male 0.43-0.47 


STS) ane SSG rol Sey ee Thermocyclops parvus Reid, 1989 
15. Pl basipodite with no spine on inner distal corner...... Mesocyclops americanus Dussart, 1985 
Ls MVEA AWM SPille ON -ImMmer Gistal COMET 2-9). ee ees ee 16 
16. Caudal ramus with groups of long hairs on inner surface; P4 coupler with 2 small rounded 
Peeicenons On distal Marcin). . 2... ee be ee Mesocyclops edax (S. A. Forbes, 1891) 
— Caudal ramus with no hairs on inner surface, P4 coupler with 2 large triangular projections 
SMECISE ARN AGO UIE ys Ae PSI ia, Ae Bde wait ee Bide Mesocyclops reidae Petkovski, 1986 
17. P5, distal segment with inner subapical spine longer than segment 2................... 18 


— P5, distal segment with inner subapical spine shorter than segment 2................. 
Re ge ei ae Tacs atc io ep Payee Acanthocyclops robustus (G. O. Sars, 1863) 
18. Female Al 17-segmented; A2 lacking exopodite-seta (i.e., basipodite bearing total of 2 
SAA PRR ey EP hs Sy, katie SESE Th, Beats Ae BTN Diacyclops nearcticus Kiefer, 1934 
— Female.Al 12-segmented; A2 with exopodite-seta (i.e., basipodite bearing total of 3 
SERA eee ee re SRS. Diacyclops crassicaudis brachycercus (Kiefer, 1927) 
19. P5, free segment narrow, cylindrical, with or without tiny spine on inner margin .......... 20 
— P5, free segment only slightly longer than wide, with stout inner apical spine and outer 
ANA). SSE, wn. 6 Bb ed cept Ge Oe PE Sa OR EO a ee SE eo 21 
20. Posteroventral margin of anal somite with several spines, increasing in size medially, and 
minute spines on posterodorsal margin; P4-enp3 with short outer terminal spine (almost half 
Pes Oe MGCL fetmMTial SING) © 6 oc ee Microcyclops varicans (G. O. Sars, 1862) 
— Posteroventral margin of anal somite with few stout spines; P4-enp3 with long outer terminal 
spine (almost as long as inner terminal spine) .... Microcyclops rubellus (Lilljeborg, 1901) 
21. P4 enp, last segment twice as long as wide, with | apical spine; P5, free segment longer than 
Ge. A ee Ss kh pale BAS wa N ewe Bae Metacyclops cushae Reid, 1991 
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— P4 enp, last segment almost as long as wide, with 2 apical spines of different lengths; PS, 
free segment almostias long-as wide. ........5..2 404.05 ae Metacyclops sp. 2 
Order Harpacticoida: 


1. Thoracic segment bearing first pair of swimming legs fused to the cephalosome to form 


a cephalothorax 22.0. c. se ie ide ads eee Sek et are aed 2 
— Thoracic segment bearing first pair of swimming legs not fused to the 
cephalosomes so cste:.A-nireeatnae Gee: a Re eee Phyllognathopus viguieri (Maupas, 1892) 


(read 3 choices) 
2. Body fusiform, spindle-shaped; Pl exp2 with spine on outer corner; P5 with benp bearing only 2 


SOtAC So. e Soe kaye ole ere Monee Sgt ana! oecepeesel ocean eo ne eae ne Ectinosoma sp. 
— Body elongated, vermiform; Pl exp2 with no spine on outer corner, P5 reduced to an 
unsegmented plate with several setae and spines on its margin......... Parastenocaris sp. 
— No such combination of characters.............5......+. 000. | ee ) 
3. Pl enp prehensile (segment | longer than more distal segments together), or not prehensile; last 
segment. with 2 or 3 terminal setae .... 2... ce eee ek dae 2 oe 4 
— PI prehensile, segment 1 much longer than exp; last segment ending in | stout 
Claire taney tre ty ee Nee ae Onychocamptus mohammed (Blanchard and Richard, 1891) 
4. PS of 2 distinct segments (exp separate from benp); Al female 8-9-segmented.............. 5) 


— P5 unsegmented (benp and exp fused); Al female 6-segmented .........2.2... 
Set Tea Sela OI ee ONE CY OY ae Cletocamptus deitersi (Richard, 1897) 


5. Pl exp3 with 5 or 6 setae and spines; male with no transformed endopods ................ 6 
— Pl] exp 3 with 4 setae and spines; male with transformed P2 or P3 endopods ............ i 
6. Pl enp! longer than Pl exp; P4 enp3 with 4 apical spines and setae; P5 benp with 2 setae in 
both sexes) ioc 3. hyhesseiees See Re einen Bee Nitokra bisetosa Mielke, 1993 
— Pl enp! shorter than Pl exp; P4 enp3 with 5 apical spines and setae; PS benp with 5 setae 
and spines in female, 4 setae/spines in male... Nitokra evergladensis Bruno and Reid, 2002 
7. —Female, P2-P4 enps 3-segmented; male, P2 enp 2-segmented, second segment with strong 
apical tooth-like projection, P3 and P4 enp 3-segmented ............... Paramphiascella sp. 
— P2 and P4 enps 2-segmented in both sexes ............25.05 4.4.) eee 8 


8. Female: P2 and P4 enps 2-segmented and P3 enp 3-segmented; male: P2 enp 2-segmented, with 
knob-like apophysis on last segment, P3 enp 3-segmented, transformed, P4 enp 2- 


SECIMEM(CG), Sie se ee sae 5 968 see ase re Bryocamptus newyorkensis (Chappuis, 1927) 

— Female: P2—P4 enps 2-segmented; male: P3 enp 3-segmented, transformed, P2 and P4 enps 
2-SCRMENET oa kk Fock Se ale Pele a we iss ane Ge wae doe goes ee 9 

9. P24 exp3 of female and male with 6,7,7 setae and spines respectively; P5 benp of female with 
6, ‘benp of male “with 2-3" setae or spines! -2.4.5, 7 Attheyella americana (Herrick, 1884) 

— P24 exp3 of female and male with 5,6,6 setae and spines respectively; P5 benp of female 
with 4,-benp of male with 0 setae or spines. ......52.%..8::2+%5550 250 10 


10. Female: P3 enp2 with total of 6 spines/setae; P5 benp with tooth-like projection between 2 
innermost setae. Male: P2 enp2 with 4 setae, P5 exp with 3 setae. Anal operculum large and 
produced posteriorly in both sexes ....... Elaphoidella grandidieri (Guerne and Richard, 1893) 
— Female: P3 enp2 with total of 5 spines/setae; P5 benp without tooth-like projection between 

2 innermost setae. Male: P2 enp2 with 3 setae, P5 exp with 4 setae. Anal operculum 
small, with row of narrow spinules along margin in both sexes ................... 11 

11. Anal somite with row of lateral spines, and 3 spines near inner side of caudal ramus; somites 
strongly denticled; female Al 8-segmented; tubercle on 4th segment of male Al short, not 
reachine beyond end’ of seement ~ 92) 5252.50 Elaphoidella marjoryae Bruno and Reid, 2000 
— Anal somite without lateral spines, and 3 spines near inner side of caudal ramus; somites 

slightly denticled; female Al 9-segmented; tubercle on 4th segment of male A1 long, 
reaching beyond end of segment ....... Elaphoidella fluviusherbae Bruno and Reid, 2000 
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ABSTRACT: The prerequisite for an inquiry into the biogeography of the Georgia barrier islands is 
an understanding of the geology of the area, including the time and degree of isolation experienced by 
each island. Although precise data are lacking, there is no evidence to suggest that recent fluctuations of 
rising sea level have completely inundated any of the Pleistocene core islands. Recently, two papers 
addressed the biogeography of the Georgia Sea Islands and referred to ‘‘different aged islands’ (Laerm 
et al., 1999 and Laerm et al., 2000). The authors mentioned Hoyt’s (1968) description of Georgia sea 
island development, but never gave further consideration as to how that information impinged upon 
present species occurrences. Without specifically stating it, the authors apparently assumed that all 
islands were uninhabited (had been inundated) and that the present faunal assemblages are a result solely 
of each species ability to colonize across sea water. We disagree with this interpretation and suggest that 
most of the amphibian and reptile species presently occurring on the larger Pleistocene-core Georgia 
barrier islands are relict populations that were resident when isolation occurred 4,000 to 5,000 years 
ago. We present information on the geological and biological history of the islands, examine environ- 
mental aspects affecting the herpetofaunas, offer a different hypothesis on the herpetological colonization 
of the Holocene islands, and correct species misidentifications, incorrect citations, and other mistakes in 
the Laerm and co-workers’ papers. 


Key Words: Georgia Sea Island herpetofaunas, Biogeography, Colonization 


THE HERPTEOLOGICAL biogeography of the Georgia Sea Islands was addressed in 
the papers by Laerm and co-workers (1999) focusing on Sapelo Island, and Laerm 
and co-workers (2000) on the entire Georgia coast, and was based on museum 
catalog lists, fieldwork on Sapelo Island, and available literature. The papers 
included tables of species present on the mainland coastal plain of Georgia and 
indicated which of those species are present on the various Georgia barrier islands. 
The authors compared species richness between islands and the mainland and in 
relation to island size, and evaluated “‘colonizing ability’’ of the island species. 
While summarizing much of the published information on the occurrences of 
amphibians and reptiles on Georgia coastal islands, the papers were based on the 
assumption that the present herpetofaunas of the islands dispersed from the adjacent 
mainland across a saltwater barrier to colonize uninhabited islands. The authors cited 
the colonization idea presented by Gibbons and Coker (1978) and Gibbons and 
Harrison (1981) for South Carolina islands and used their colonization model for 
interpreting the herpetological biogeography of the Georgia barrier islands. 

We offer a different interpretation of the herpetological biogeography of the 
Georgia barrier islands based on geological history. In addition, we present 
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corrections of species lists and some citations in the Laerm and co-workers’ papers, 
present information on factors that affect the island herpetofaunas, and offer 
a different but more parsimonious hypothesis concerning herpetological coloniza- 
tion of the Holocene islands. We use our knowledge of Cumberland Island and Little 
Cumberland Island (LCI) as examples for our discussions. 


GEOLOGICAL HistoRy—During the last interglacial period of the Pleistocene, six 
of the eight largest Georgia barrier islands formed in their present locations (Henry, 
1988) (Table 1). After the last glacial maximum circa 17,000 to 20,000 yr before 
present (yr BP) the Pleistocene islands were left high and dry as upland sand ridges 
of the mainland, located as much as 128 km west of the shoreline. Sea level began to 
rise rapidly, especially from 16,000 to 12,500 and 11,500 to 8,000 yr BP (Lambeck 
and Chappell, 2001), with positive and negative fluctuations until about 6000 yr BP, 
when the rise slowed to the present rate of about 0.1 to 0.35 m/100 yr (Henry, 1988). 
Fairbanks (1989), using conventional aE techniques on a series of coral cores off 
Barbados, indicated that deglaciation started about 15,000 years ago, but Bard and 
co-workers (1990), using mass spectrometric U-Th ages from the Barbados corals, 
calibrated the radiocarbon time scale to 10,000 yr BP and suggested that 
deglaciation began as much as 3500 yr earlier than the 15,000 yr BP date, or 
18,500 yr BP. Regardless, about 4000 to 5000 yr BP, the islands of the old 
Pleistocene shoreline again were isolated, but not inundated, by rising sea levels. 
Sand (Holocene) began to be deposited on these islands, and new sand bars formed 
and became islands adjacent to the remnant Pleistocene islands. Presently along the 
Georgia coast, there are a series of dynamic barrier islands, some quite small and 
barely vegetated. At least 14 of the larger islands (Table 1) have herpetofaunas and 
were discussed by Laerm and co-workers (2000). 


BIOLOGICAL HistoRY—The islands with Pleistocene cores were not completely 
inundated during the present interglacial (Hoyt et al., 1964) and continued to support 
flora and fauna typical of the upland region at the time of isolation. Pleistocene core 
islands that were high sand ridges as part of the mainland during the late Quaternary 
may have relict sand ridge species present today. For example, Cumberland Island 
has dicerandra (Dicerandra linearifolia), tar flower (Befaria racemosa), mole skink 
(Eumeces egregius), and, prior to its extermination in 1970, the Cumberland Island 
pocket gopher, Geomys pinetis (formerly G. cumberlandius). Freshwater species 
present today, such as the two-toed amphiuma (Amphiuma means), mole salamander 
(Ambystoma talpoideum), and dwarf salamander (Eurycea quadridigitata), were 
likely present in wet areas prior to isolation. Presumably, all species historically 
present on the mainland could have been present on the current Pleistocene core 
islands at the time of isolation. Species present on those islands today represent 
a relict assemblage of hardy groups that were able to survive rigorous island 
conditions. Blaney (1971) determined a similar history for the herpetofaunas of 
Pleistocene core islands in the Apalachicola region of Florida. 

Some species have been introduced by humans, usually inadvertently, such as 
the brown anole (Anolis sagrei) on St. Simons Island with potted plants, as noted by 
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TABLE |. Ages of fourteen of the largest Georgia barrier islands, arranged from north to south. 


Island Age 
Tybee Holocene 
Little Tybee Holocene 
Wassaw Holocene 
Ossabaw Pleistocene 
St. Catherines Pleistocene 
Blackbeard Holocene 
Sapelo Pleistocene 
Wolf Holocene 
Little St. Simons Holocene 
Sea Holocene 
St. Simons Pleistocene 
Jekyll Pleistocene 
Little Cumberland Holocene 
Cumberland Pleistocene 


Laerm and co-workers (2000). Theoretically, species such as treefrogs could also be 
introduced on plants or even as stowaways on boats brought to the islands. We 
occasionally find treefrogs on our boat stored under trees, and they do not jump 
away when the boat leaves shore. Salamanders brought to Cumberland Island as fish 
bait have been discarded alive (personal observation), but survival has not been 
documented. On Cumberland Island and perhaps other islands, formal gardens 
established in the 18th and 19th centuries contained many exotic mollusks and 
plants, some of which persist today. Presumably, fossorial forms could have been 
introduced with plants or construction materials. Possibly, some natural colonization 
has occurred to augment the gene pools of successful island species; however, the 
short period of isolation may preclude genetic documentation of such events. 


LimitING FAcTors—Environmental conditions are frequently more extreme on 
barrier islands than the mainland (Barbour and Engels, 1942). Salt spray, limited 
freshwater and widely fluctuating ground water levels, poor sandy soils that retain 
little moisture during droughts, frequent lightning-caused fires that consume much 
of the above-ground biota, and catastrophic storms can provide great stress on island 
organisms. Free-flowing artesian wells on some Georgia islands have offered limited 
artificial security during times of drought since the 1880s, but prior to that time such 
refuges wete unavailable. Feral animals, especially swine, cattle, and horses, have 
had major negative impacts on the native biota of most Georgia barrier islands 
(Johnson et al., 1974). Swine are especially destructive during droughts when 
amphibians and some reptiles retreat to damp, temporary-pond basins where they are 
easily uncovered and consumed. Feral horses and cattle drastically modify 
vegetation and trample habitats. Deep ruts connecting some pond basins are carved 
by the hooves of heavy horses and cattle, thus providing fish access to some prime 
amphibian breeding ponds during flooding by heavy rains. Past agricultural practices 
probably affected amphibians and reptiles directly by reducing and draining 
available habitat. 
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Deepening of the channel landward of the Sea Islands to create the Intracoastal 
Waterway (ICW) altered the potential for access by terrestrial vertebrates. Behind 
each island is an area where the tidal waters run in opposite directions to follow the 
falling tide, a place known as the dividings. Prior to dredging for the ICW, at low 
water these areas were frequently shallow enough to be traversed on foot and less 
than 100 m wide from island to mainland marsh. This fact is not particularly 
important for amphibian dispersal, but it should be acknowledged as a possible 
access route in the past, now unavailable. 

Some of the islands have bridges to the mainland and have various levels of 
development that have removed natural habitat. Pine tree plantations, paved roads, 
and housing developments have reduced available habitats for many species. All of 
the above factors have influenced the present abundance, distribution, and species 
composition of the Georgia Sea Islands. 


COMMENTS ON SPECIES LISTS AND TExTS—Except for the notations below, the 
Laerm and co-workers’ papers presented lists of mainland and island species which 
we accept; however, we note four misspelled scientific names in the Sapelo Island 
paper and 8 in the coastal islands paper (some repeatedly misspelled). Species 
records lacking voucher specimens, especially species not found on any other 
Georgia barrier islands, we find unacceptable for use in the present context. 

Corrections required for Table 1 (pages 109-111) in the Sapelo Island paper 
(Laerm et al., 1999) follow. Although Pseudacris nigrita was listed in Johnson and 
co-workers (1974), later quoted by Sandifer and co-workers (1980), and a specimen 
was listed as UGA 25 in Williamson and Moulis (1994), there are no vouchers for 
this species on Sapelo Island. UGA 25 was assigned to two specimens of Bufo 
terrestris (now GMNH 2411, 2412) from Valona, McIntosh County, Georgia. 
Nowhere in Teal and Teal (1964) is this chorus frog mentioned, but that reference 1s 
cited as an authority for its occurrence on Sapelo Island. Pseudacris nigrita should 
not be included in the documented herpetofauna of Sapelo Island. The reports of 
Eumeces fasciatus specimens in the cited references are based on misidentified 
specimens. We checked each of the cited specimens, including those taken in the 
Laerm and co-workers’ Sapelo Island study (except Teal and Teal, 1964, who cited 
no vouchers), and found no Eumeces fasciatus. The misidentified specimens were 
either Eumeces inexpectatus or E. laticeps. We conclude that Eumeces fasciatus 1s 
not a member of the Sapelo Island herpetofauna. There is no voucher specimen for 
Seminatrix pygaea from Sapelo Island. This species is not found on any Georgia 
barrier island, and until a voucher is available, it should not be included as 
a herpetofaunal member. Perhaps the sighting reported to Laerm was a small mud 
snake, Farancia abacura. 

Corrections for the species list and citations in Table 1 (pages 196—206) in the 
Laerm and co-workers’ (2000) paper concerning 14 Georgia barrier islands are 
addressed in the order first presented in the table. The specimen of Bufo quercicus 
listed in Williamson and Moulis (1994) was collected on the mainland, not St. 
Catherines Island. This species has not been found on any Georgia barrier island. 
Ruckdeschel and co-workers (1982) are erroneously listed as the authority for 
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a series of species present on St. Catherines Island including: Bufo terrestris, 
Eumeces inexpectatus, Scincella lateralis, Lampropeltis getula, Nerodia fasciatus 
(sic), and Crotalus adamanteus. Bufo quercicus, Hyla chrysoscelis, Pseudacris 
nigrita, and Eumeces fasciatus have not been documented for Cumberland Island 
and should not be listed (Shoop and Ruckdeschel, 1986). Eurycea cirrigera, listed as 
from Ossabaw Island in Williamson and Moulis (1994) as GSU 1322, was 
supposedly collected on *‘5/24/70.’’ The GSU collector at Ossabaw Island that day 
(C. Ruckdeschel) did not collect a Eurycea. This record is invalid. 

Other references in Table 1 of Laerm and co-workers (2000) include 
misidentified specimens from museum catalog listings (Williamson and Moulis, 
1994) or in the Georgia Museum of Natural History (GMNH) and thereby provide 
further erroneous bases for the conclusions of the paper. The reported occurrence of 
Eumeces fasciatus on Blackbeard Island (Holocene), prompted us to check the 
museum specimens of EF. fasciatus from the Georgia barrier islands listed in 
Williamson and Moulis (1994), which was cited as the information source in Laerm 
and co-workers (2000). The record listed as from Blackbeard Island (UIMNH 
33429) is indeed an Eumeces fasciatus hatchling, but the collection data on the 
specimen tag indicate three different Georgia localities: Chatham County, Black- 
beard Island (an McIntosh County), and Honey Island (in Ware County). The notes of 
the collector (V. H. Shelford) cannot be found (C. A. Phillips, 2001); hence, the 
locality record for Blackbeard Island is in doubt and cannot be accepted. Of the other 
Eumeces fasciatus records listed in Williamson and Moulis (1994) and Laerm and 
co-workers (1999) for the Georgia barrier islands, one specimen was lost (old UGA 
305) and all the rest were Eumeces inexpectatus (GMNH 33409, 33410, 33611 from 
Sapelo Island) or E. laticeps (AMNH 120170, 120171, 120172 from Ossabaw 
Island; GMNH 33063, 33378, 33379 from Sapelo Island). Consequently, E. fasciatus 
cannot be considered a member of the Georgia barrier island herpetofauna. Another 
specimen collected by Shelford (Scincella lateralis, UIMNH 33426) also carries the 
same collection data as the disputed FE. fasciatus specimen from Blackbeard Island 
and, as such, represents the only so-called record of the species from that island. No 
museum specimens of Scincella lateralis from Blackbeard Island are known. We 
suspect that the skinks with conflicting collection data are from the Okefenokee 
Swamp where Honey Island is located near Blackjack Island in Ware County, 
adjacent to Charlton County. Possibly, the tag writer confused Charlton County with 
Chatham County and Blackjack Island with Blackbeard Island since other specimens 
in the UIMNH collection were taken a few days later in Chatham County. The first 
documented record for Ophisaurus compressus for Cumberland Island was reported 
by Shoop and Ruckdeschel (1997). There is no voucher for the Blackbeard Island 
record of Storeria dekayi. Pseudemys nelsoni is not included in the list for 
Cumberland Island although reported by Shoop and Ruckdeschel (1986). This 
apparent omission is an error in the table where the lines for P. nelsoni and 
Trachemys scripta have been printed one space below the species line. We did not 
report Terrapene carolina for Cumberland Island, as noted. We have seen a specimen 
but suspect it was introduced because we are aware of an escaped pet. Some of the 
references cited for species occurrences in Table | are compilations of previously 
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published reports that also appear in the table. These duplicate listings mislead the 
reader by providing what appear to be additional, independent documentations of 
occurrences (e.g., Johnson et al., 1974; Sandifer et al., 1980). 

Other corrections and comments on the Laerm and co-workers’ (2000) paper 
include the following: (p. 207) Amelia Island, Florida, is a Pleistocene-core island, 
not Holocene (Parchure, 1982); (p. 207) flooding of the islands was not “‘caused by 
glaciation,’’ but by melting glaciers; (p. 209, Table 2) Cumberland Island has 12 
anurans, 9 lizards and 53 known species, excluding sea turtles (not 57), (Shoop and 
Ruckdeschel, 2001); (p. 210-211) both Ossabaw and Sapelo are described as the 
“third largest’’ sea island. Ossabaw Island is the third largest; (p. 217) Eumeces 
egregius was reported by Shoop and Ruckdeschel (1986), not Erhardt (sic, = 
Ehrhart); (p. 220) Laerm and co-workers analyzed archaeological sites on four 
islands, not three; (p. 221) in correspondence with the author of the St. Simons 
Island archeological site manuscript (Marrinan, 1975) concerning the report of 
Drymarchon corais (now couperi), we learned that there is no specimen but that 
a worker reported seeing an “‘indigo snake’’ during excavation work. This so-called 
zooarcheological record should be considered invalid. Mainland species with ranges 
that do not encompass the length of the Georgia coast ( e.g. Ambystoma tigrinum, 
Hyla avivoca, Ophisaurus attenuatus, Drymarchon corais [= couperi] (Diemer and 
Speake, 1983) or Pseudemys nelsoni, p. 225, Table 4) would not have occurred on 
many present islands unless their ranges during the Pleistocene or Holocene (late 
Quaternary) were more extensive. Since there are no data to support such a scenario, 
we suggest that using all mainland species, many of which are found far inland or 
have ranges not including the entire coast, as the basis for a measure of colonizing 
ability to each island is inappropriate. 


DiscussiIonN—Since many of the Georgia barrier islands were initially formed 
during the Pleistocene prior to the Wisconsin glaciation, followed by a second 
isolation but not inundation as the glaciers melted, the herpetofaunas of those islands 
are relicts of the late Quaternary when sea levels were much lower. Only the recently 
formed (Holocene) islands were uninhabited and thus reflect colonizing abilities of 
the herpetofaunas present today. Since most Holocene islands are adjacent or closer 
to Pleistocene core islands than the mainland, judgments regarding the colonizing 
abilities of existing species should primarily focus on comparing species richness 
between Holocene and nearby Pleistocene islands. The likelihood that mainland 
species contributed significantly to the recently established fauna on Holocene 
islands is low. 

Distance to the mainland would not be a factor for species richness on the 
Pleistocene core islands unless significant habitat changes occurred after isolation. 
Large Pleistocene core islands supporting more varied habitats would logically have 
greater species richness than smaller islands, and always greater than Holocene 
islands. Highway bridges from the mainland to four of the islands (2 Pleistocene, 2 
Holocene) further complicate interpreting species richness today. 

Two important questions to be addressed are: (1) What conditions occurred on 
the islands that presumably eliminated some species from habitats similar to those 
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found on the adjacent mainland today?; and, (2) What mechanisms have allowed 
some saltwater-intolerant species such as frogs to colonize the strictly Holocene 
islands? Although we cannot answer the first question, we suggest that most reptiles 
are capable of crossing saltwater for the relatively short distances to the Holocene 
islands, sometimes only several meters. Amphibians face a much greater challenge 
in making the crossing and, along with reptiles, also face a habitat unlikely to have 
long-standing fresh water. Hyla femoralis, Pseudacris crucifer, and Pseudacris 
ocularis are found only on Pleistocene islands. The only frogs found on Holocene 
Islands are somewhat tolerant of brackish water and/or easily rafted or carried on 
boats incidentally: Scaphiopus holbrookii, Bufo terrestris, Gastrophryne carolinen- 
sis, Rana sphenocephala, Hyla cinerea, and Hyla squirella (Pearse, 1936; Peterson 
et al., 1952: Neill, 1958; Ruibal, 1959; Christman, 1974). There is no specimen of 
Hyla gratiosa to confirm the LCI sight record, hence the occurrence of this species 
should be considered hypothetical. Only a single salamander, Notophthalmus 
viridescens, is reported from a Holocene island (LCI) by Laerm and co-workers 
(2000), but no reference is provided for the unexpected specimen and no specimen 
exists in the Georgia Museum of Natural History where Laerm worked. Unless 
a voucher specimen is available, Notophthalmus viridescens should not be 
considered a member of the LCI fauna. Movements of the few species of 
amphibians to Holocene islands could have been by rafting or temporary land 
bridges connecting the Holocene deposits to Pleistocene core islands, or human- 
mediated introductions. At present, it is possible to cross the high salt-marsh 
separating Cumberland (Pleistocene core) and Little Cumberland (Holocene) islands 
during low tide without encountering much open saltwater. Regardless of the 
method of dispersal to the Holocene islands, very few amphibians have successfully 
colonized those islands, in part because of lack of long-standing fresh water. 

In summary, the critical issue in assessing the biogeography of amphibians and 
reptiles on the Georgia barrier islands is the origin of the herpetofaunas on islands 
with greatly differing geological histories. Laerm and co-workers, in neither paper, 
differentiated between island herpetofaunas that were relict populations on 
Pleistocene core islands and the Holocene island faunas that were the result of 
colonization, although they recognized the two types of islands as reported by Hoyt 
(1968). Coupled with the errors of species occurrences, these problems draw into 
question the conclusions presented in both Laerm and co-workers’ papers 
concerning the herpetological biogeography of the Georgia Sea Islands. 
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ABSTRACT: The seasonal abundance of adult Diachlorus ferrugatus (F.) in Monroe County, Florida, 
was determined by collections in carbon dioxide-baited light traps. This species is most abundant from 
late May until early June, but may be encountered from mid-March until late August. 


Key Words: Diachlorus ferrugatus, yellow fly, Tabanidae, Florida Keys 


THE YELLOW FLy, Diachlorus ferrugatus (F.), is a serious pest in some areas of 
Florida (Fairchild and Weems, 1973; Cilek, 1993). Where it is abundant outdoor 
activities may sometimes be cancelled. Some individuals can suffer severe allergic 
reactions to the bite of this fly (Jones and Anthony, 1964; Fairchild and Weems, 
1973). Johnson (1913) apparently was the first to report this species in Florida. The 
only published records from Monroe County are collections made in 1935 at Stock 
Island, Key West (Fairchild, 1937). At present, there are little data on its biology in 
southern Florida, although this fly has been studied in northern Florida (Cilek et al., 
1994; Cilek and Schreiber, 1999; Cilek and Medrano, 2000). Other papers relevant 
to this species are cited by Bargren (1961). We report here the seasonal abundance 
of the yellow fly, D. ferrugatus, in the Florida Keys, Monroe County. 


METHODs—Yellow flies were collected during routine mosquito surveillance conducted by the 
Florida Keys Mosquito Control District. Every week during 2001 and from January through May 2, 2002, 
carbon dioxide-baited American Biophysics Company light traps were placed into the field before sunset 
and retrieved after sunrise. Yellow flies were identified with the aid of Jones and Anthony (1964). Total 
number of flies collected per trap per collection date are reported. Results are plotted as number of flies 
collected per week versus week of year. Voucher specimens were placed in the Florida State Collection of 
Arthropods, Gainesville (accession number E2002-3113). 


RESULTS AND DiscussioN—One hundred fifteen female D. ferrugatus were 
collected. Big Pine Key: 21 Aug 2001 (1); 28 Mar 2002 (1). Key Largo: 19 May 
2001 (1); 31 May 2001 (36); 7 Jun 2001 (11); 11 Jun 2001 (7); 25 Jun 2001 (2); 
26 Jun 2001 (1); 21 Aug 2001 (1); 19 Mar 2002 (1); 26 Mar 2002 (3); 2 Apr 2002 
(1); 3 Apr 2002 (7); 4 Apr 2002 (1); 9 Apr 2002 (1); 19 Apr 2002 (3); 23 Apr 2002 
(1); 24 Apr 2002 (8); 1 May 2002 (1); 2 May 2002 (4); Cross Key: 31 May 2001 
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Fic. 1. Seasonal flight period of Diachlorus ferrugatus in the Florida Keys, Monroe County, Florida. 


(22); 19 Jun 2001 (1). The majority of flies collected (60%, n = 69) were collected 
from late May to early June (Fig. 1). 

Since D. ferrugatus is most active during sunset (Cilek and Schreiber, 1999), 
time of trap placement probably did not greatly affect numbers of flies collected. 
Our collection on 19 March is a full ten days earlier than the earliest recorded collec- 
tion in Florida, on 29 March in Dade County (Jones and Anthony, 1964). Our 
last collection was in mid-August, but D. ferrugatus has been collected as late 
as November in Pinellas County (Jones and Anthony, 1964). In north Florida, 
D. ferrugatus flights begin later in the year and end earlier. Peak activity also occurs 
later in the year in north Florida (June), whereas in south Florida we found peak 
activity in May. These differences most likely are due to differences in temperature 
(Cilek et al., 1994). 
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ABSTRACT: The rapid expansion and increase of coyotes (Canis latrans) throughout Florida during 
the last several decades has increased concerns over potential loss of livestock among Florida cattlemen. 
We surveyed Florida beef cattle producers during 1998 to ascertain their perceptions of coyotes in 
Florida. We distributed surveys through the Florida Cattleman and Livestock Journal and during the 
1998 Florida Cattlemen’s Association Annual Convention (Marco Island, FL). Fifty-six surveys, 25 from 
northern counties and 31 from southern counties, were completed. The number of producers from both 
north and south Florida reporting loss of calves to coyote predation increased 7-fold from 1992 through 
1997. Peak periods of livestock damage by coyotes were reported during November through April in both 
regions, which corresponded with cattle parturition and mating and pupping by coyotes. The number of 
cattlemen employing coyote control measures, and the total hours devoted to coyote control, steadily 
increased from 1992 (3 producers and 5 hours, respectively) through 1997 (31 producers and 843 hours, 
respectively). The predominant methods of coyote control were firearms (73%) and trapping (27%). The 
number of coyotes reported killed by ranchers increased from 13 during 1992, to 100 during 1997. Forty- 
one percent of cattlemen surveyed reported seeing coyotes as solitary individuals, and 54% reported 
seeing coyotes in small groups of 2-4. Ninety-eight percent of producers surveyed perceived the number 
of coyotes in Florida to be increasing, and 69% felt that coyotes were causing a decline in wildlife on 
their ranches. Ninety-eight percent of the cattlemen surveyed indicated that there was a need for research 
on coyotes in Florida. 


Key Words: Canis latrans, coyote, livestock depredation, perception, ranchers, 
survey, Florida 


Coyotes (Canis latrans) have become established in Florida during the past 30— 
40 years due ‘to natural range expansion from Alabama and southern Georgia. A 
series of intentional introductions of small numbers during the 1920’s also may have 
facilitated the expansion of coyotes into Florida (Hill et al., 1987; Layne, 1997). 
Early reports of coyotes in Florida were limited to the panhandle area (Brady and 
Campbell, 1983), but by 1988, coyotes were recorded in 48 counties (Wooding and 
Hardisky 1990). More recently, coyote sign was discovered in central and south 
Florida (Maehr et al., 1996), and coyote presence has been confirmed in 65 of 
Florida’s 67 counties (Main et al., 1999, 2000). Based on increasing numbers of 
verbal reports from state and federal landowners and the agricultural community, 
coyotes appear to be rapidly increasing in abundance throughout Florida. 
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Increasing numbers of coyotes have raised concern among some livestock 
owners in Florida, as predators can be a major cause of income loss for the agricultural 
community. Each year cattle, sheep, and goat industries lose millions of dollars worth 
of calves, lambs, and kids to predators. For example, during 1995 the cow-calf 
industry in the United States lost an estimated $39.6 million to predators, while in 
1994, losses to predators in the sheep and goat industry cost an estimated $17.7 
million (National Agricultural Statistical Service, 1996). The most significant 
predators of livestock in North America are coyote, fox (Urocyon cineroargenteus, 
Vulpes vulpes), bear (Ursus spp.), mountain lion (Puma concolor), and bobcat (Lynx 
rufus). However, coyotes are responsible for more economic loss than all other 
predators combined, and are considered the most problematic to effectively control. 
Nationwide, coyotes caused $21.8 million in cattle losses and $11.5 million in sheep 
losses during 1995 (National Agricultural Statistical Service, 1996). In addition to 
livestock damage, coyotes are known to damage agricultural crops such as 
watermelon and other fruits (Dolbeer et al., 1994), and have been reported to chew 
holes in drip irrigation tubing causing disruption of irrigation systems (Howell, 1982). 

The objective of this study was to survey Florida beef-cattle producers to better 
understand rancher perceptions of the influence of coyotes on livestock and wildlife. 
Survey results also served to provide information on efforts by producers to control 
coyotes during 1992-1997, and to determine whether ranchers thought research on 
coyotes in Florida was needed. 


METHODS—We surveyed beef cattle producers throughout Florida during 1998 about coyote activity 
and abundance, agricultural losses to coyote predation, coyote control methods, hours devoted to control, 
control success, perceived effects of coyotes on native wildlife, and whether the need exists for research 
on the coyote in Florida (Fig. 1). This survey was designed to evaluate rancher perception and did not 
address whether ranchers could accurately identify livestock killed by coyotes or other predators, or 
simply scavenged as carrion. 

We distributed the survey through the Florida Cattlkeman and Livestock Journal (4000 Florida 
Cattlemen Association members) and at the Florida Cattlemen’s Association Annual Convention (2000 
members attended). All Florida cattlemen were eligible to complete and return a survey regardless of location 
and size of operation. Survey responses were divided into north and south Florida using U.S. Interstate 4 as 
the north-south demarcation, which runs south from Daytona Beach through Orlando and west to Tampa. 
Interstate 4 is acommonly used landmark for dividing Florida into northern and southern regions. 


RESULTS—Fifty-six surveys were completed and returned. More surveys were 
completed and returned at the Florida Cattlemen’s Annual Convention (n = 51, 
response rate = 2.6%) than through publishing the survey in the Florida Cattleman 
and Livestock Journal (1 = 5, response rate = 0.13%). Our respondents represented 
29 counties throughout Florida. Fourteen counties (25 respondents) represented north 
Florida. Fifteen counties (31 respondents) represented south Florida. Dividing the 
results into northern and southern regions was deemed useful because coyotes have 
been present in north Florida longer (Main et al., 2000) and because typical cattle 
operations differ between north and south Florida. The average cattle operation in 
north Florida was smaller (x = 984 ha, range 2—3,430 ha) with fewer brood cows 
(x = 355, range = 3—1,000 cows), than ranches from respondents in south Florida 
(x = 3,468 ha, range = 6—32,376 ha; x = 1,086 brood cows, range = 4—-8,500 cows). 
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SURVEY: IMPACTS OF COYOTES ON RANCH OPERATIONS 

University of Florida Institute of Food and Agricultural Sciences 

1. What county is your cattle operation located in? 

2. How many acres is your operation? 

3. Approximate number of mother cows in your operation. 

4. Have you incurred livestock losses to coyotes during the last 6 years? (Y/N) 
peo 1996 19951994 19931992 

5. What are the peak periods of livestock damage caused by coyotes? (none=0; low=1; high=2) 
___Jan-Feb Mar-Apr May-Jun _—s Jul-Aug — Sept-Oct —_ Nov-Dec 

6. If you raise watermelons, have you incurred losses to your crop from coyotes? (Y/N) 
pee ee 1996," 995) 1994 1993 1992 

7. Have you attempted coyote control? (Y/N) 

Seon 1996), 1995) 19940 1993 1992 

8. How many man-hours have you devoted to coyote control? (approximate number) 
pee 996 1995 1994 1993, 1992 


9. What type(s) of coyote control have you attempted? (indicate with a check) 


Trapping Calling/Shooting Opportunistic Shooting Spotlight Shooting 


10. Have you killed coyotes and, if so, approximately how many? (indicate approximate number) 
meee 9G 1995) 1994 «1993 1992 

11. How many coyotes do you usually see together? (number) 

12. Do you perceive that coyotes are causing a decline in wildlife species? 

13. Do you feel the coyote population is increasing in Florida? 


14. Do you feel there is a need for research on coyotes in Florida? 


Fic. 1. Questionnaire used to survey ranchers regarding their perceptions and observations regarding 
coyotes, and of their efforts to control coyotes. 


The number of Florida cattlemen in both regions who reported calf losses to 
coyotes increased steadily from 1992 through 1997 (Fig. 2). A dramatic, statewide 
increase in the number of cattlemen reporting calf loss due to coyotes occurred in 
1995. Cattlemen in both north and south Florida reported that the majority of 
livestock damage from coyotes occurred during November—April, which coincides 
with calving and the presence of nursing calves in Florida (Fig. 3). 

The number of cattlemen attempting coyote control and total hours devoted to 
control increased steadily during 1992-1997. During 1992, two north Florida 
cattlemen reported employing coyote control and they devoted no time to it 
personally. However, by 1997, 15 north Florida cattlemen devoted 458 hours to 
coyote control (Fig. 4). Similar patterns emerged in south Florida. During 1992 one 
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Fic. 2. Number of Florida cattlemen reporting calf loss to coyotes in north and south Florida. 


south Florida cattkeman devoted 5 hours to coyote control, but by 1997, 16 south 
Florida cattlemen spent 385 hours attempting to control coyotes (Fig. 4). The total 
number of hours devoted to coyote control by all Florida cattlemen increased from 
5—843 hours during 1992-1997. Control strategies were primarily dependent on the 
use of firearms (73%), including calling/shooting (20%), spotlight shooting (20%) 
and opportunistic shooting (33%) of coyotes. Trapping was the other control method 
reported (27%). The use of poisons, which requires a permit from the Florida Fish 
and Wildlife Conservation Commission (FWC), was not reported as a method used 
to control coyotes. Control strategies were essentially identical between north and 
south Florida. Shooting methods constituted 87% and 86%, and trapping constituted 
13% and 14%, of control efforts for north and south Florida, respectively. Increased 
control efforts resulted in more coyotes killed during 1992-1997, but lower coyote 
per hour kill rates (Fig. 4). North Florida cattlkemen reported killing 7 coyotes in 
1992 and 48 coyotes in 1997, and south Florida cattlemen reported 6 coyotes killed 
during 1992 and 52 coyotes killed during 1997 (Fig. 4). Return per hour of control 
effort declined from 2.6 coyotes/hr during 1992 when coyotes were essentially shot 
opportunistically, to 0.1 coyotes/hr during 1997, when coyote control increased by 
nearly 1700%. 

Surveys revealed cattlemen perceived a decline in native wildlife populations 
and an increase in the number of coyotes during 1992-1997. In north Florida, 68% 
of respondents indicated they believed wildlife populations had declined on their 
ranch and 80% of respondents indicated they believed coyotes had increased. In 
south Florida, 77% of respondents indicated they believed wildlife populations had 
declined on their ranch and 97% of respondents indicated they believed coyotes had 
increased. In respect to coyote observations, 41% of respondents indicated seeing 
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Fic. 3. Time of year cattlemen in north and south Florida observed peak coyote activity. 


single coyotes, while 54% reported seeing 2—4 coyotes running together. Five 
percent of respondents reported seeing more than 4 coyotes together at a single time. 
Ninety-eight percent of the cattlkemen responding indicated there is a need for 
research on the agricultural and ecological ramifications of coyotes in Florida. 


DiscussioN—Due to the coyote’s generalist habits, dispersal abilities, and ability 
to adapt to human disturbed landscapes, coyote numbers are likely to continue to 
increase throughout Florida. Expanding coyote populations in Florida will increase 
interactions of coyotes with livestock and native wildlife, the ramifications of which 
remain to be seen. The recent appearance of the coyote in many parts of the eastern 
United States has already sparked intense debate concerning its potential impacts 
(Parker, 1995). As coyotes are one of the most disliked predators among ranchers 
(Kellert, 1985), it is important to begin assessing not only the coyote’s ecological 
role in Florida, but also public perception. 

Our survey was designed to reach Florida cattlemen concerned about coyotes 
and to increase our understanding of the attitudes and opinions of Florida cattlemen 
towards coyotes. Our response rate was low, but respondents reported coyote 
predation of calves was perceived to have increased during 1992-1997. Losses were 
reported being greatest during November—April, which coincides with the timing of 
calving and the presence of young, nursing calves in Florida. This finding is not 
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Fic. 4. Number of cattlemen using some form of coyote control, hours devoted to coyote control, 
and number of coyotes killed in north (a) and south (b) Florida during 1992 through 1997. 
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surprising, as losses of livestock to coyotes typically occur in late spring when 
calves are nursing and when coyotes are rearing pups (Wade, 1978). 

Coyotes may negatively affect native wildlife, including endangered species. 
Coyotes, for example, have been reported to prey on nests of sea turtles in northern 
Florida (Butgereit, 1996). Coyotes are known to prey on important game species 
such as white-tailed deer (Odocoileus virginianus) (Kie et al., 1979; Andelt, 1985), 
and coyote predation on deer, feral hogs (Sus scrofa), and game birds is a concern 
among Florida ranchers that depend on hunting leases for additional income. Also, 
as generalist predators, coyotes may compete with native carnivore species such as 
gray fox (Fedriani et al., 2000), bobcat (Litvaitis and Harrison, 1989), and the 
endangered Florida panther (P. c. coryi). The majority of ranchers responding to our 
survey indicated that they perceived a decline in wildlife species on their ranches 
and, although these opinions are subjective assessments, they illustrate the 
perspectives of ranchers and emphasize that little is known about how coyotes 
will impact native fauna in Florida. 

Methods available to control coyotes vary from direct removal by hunting or 
trapping, to preventive management such as fences, guard dogs, predator frightening 
devices, and modified husbandry practices (Parker, 1995). Ranchers responding to 
our survey in Florida primarily used shooting and trapping to attempt to control 
coyotes. Coyotes have no status as a game animal in Florida and can be shot during 
daylight hours, captured in live traps, or taken with body snares throughout the year. 
Permits from FWC are required to shoot coyotes at night under spotlight, to use steel 
leg-hold traps, or poisons (Wiley, 1999). 

To summarize, the majority of cattkemen who responded to our survey from 
both north and south Florida perceived the coyote as an agricultural and ecological 
threat to ranching operations. Numbers of coyote observations, depredation of 
livestock (calves), and efforts to control coyotes increased steadily during 1992-— 
1997. Peak coyote activity reported by cattlemen coincided with Florida’s calving 
season and reproduction by coyotes. Efforts to control coyotes increased during 
1992-1997 by nearly 1700%, were dependent primarily on firearms, and returned 
approximately 0.1 coyote/hr of effort. The general negative attitude toward coyotes 
among ranchers may have influenced perceptions regarding the effects of coyotes on 
native wildlife populations, but little objective information is available regarding the 
effects of increasing numbers of coyotes on native wildlife in Florida. Finally, 
Florida cattlemen recognized reliable, objective information about coyotes and their 
effects on livestock operations and wildlife populations is lacking, and indicated 
research on coyotes in Florida is needed. 
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BEHAVIORAL INTERACTIONS BETWEEN THE SHREW 
BLARINA CAROLINENSIS AND FOUR SPECIES 
OF FLORIDA MICE IN THE PRESENCE AND ABSENCE 
OF MOUSE NESTLINGS 


FRED PUNZO 


Department of Biology, University of Tampa, 401 W. Kennedy Blvd., Tampa, FL 33606 


ABSTRACT: Laboratory studies were conducted in order to assess the behavioral interactions 
between the shrew Blarina carolinensis and four species of sympatric mice (Peromyscus gossypinus, 
P. polionotus, Podomys floridanus, and Reithrodontomys humulis) in an open arena, both in the presence 
and absence of mouse nestlings. In arenas containing an adult female mouse and her offspring, the mean 
number of approaches of shrews toward rodents was significantly lower for those species of mice 
(P. gossypinus and P. floridanus) with a larger body size compared to shrews than for those that were 
similar in size to shrews. The 2 species of larger mice approached shrews to a greater extent than their 
smaller counterparts. Shrews attacked and killed at least one offspring of P. polionotus and R. humulis in 
80 and 66.7% of the encounters, respectively, whereas the offspring of the larger mice P. gossypinus and 
P. floridanus were attacked far less frequently (13.3 and 0%, respectively). Young mice that were attacked 
by shrews were seized by their head or limbs, dragged out of the nest, and killed by a bite to the base of 
the skull. The cotton mouse, P. gossypinus exhibited the highest degree of aggression toward shrews and 
killed their antagonist in 3 out of 15 encounters. In encounter trials conducted in the absence of mouse 
offspring, there were no significant differences between approach frequencies of shrews and mice and all 
female mice appeared more tolerant of shrews. These experiments show that B. carolinensis can 
effectively attack and ingest nestlings of mice and that its ability to do so depends on the size of the mouse 
and its level of aggression. 


Key Words: Blarina, Florida mice, predation, shrews 


THE southern short-tailed shrew Blarina carolinensis prefers mesic habitats in 
bayheads and flatwoods, and typically inhabits small burrows frequently located 
under decaying logs and plant debris (Gingerich, 1999). It ranges from southern 
Nebraska and Illinois south to the Gulf of Mexico (Whitaker, 1996). Although it can 
be locally abundant in certain locations in Florida, little is known concerning the 
natural history of this insectivore (French, 1984). 

It has been reported that the short-tailed shrew, Blarina brevicauda, whose diet 
typically consists of earthworms, snails, and arthropods (Hamilton, 1930; Getz, 
1989), can also be a significant predator on microtine and cricetine rodents (Eadie, 
1948; Getz et al., 1992). Although shrews are known to attack adults, the young of 
these rodents can be especially vulnerable if left unprotected while the parent is 
foraging away from the nest (Madison, 1985). 

Because observations of the interactions between shrews and rodents under 
natural conditions are difficult, the present study was conducted under laboratory 
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conditions in order to assess the behavioral responses of B. carolinensis toward 
sympatric rodents including the oldfield mouse (Peromyscus polionotus), the Florida 
mouse (Podomys floridanus), the cotton mouse (Peromyscus gossypinus), and the 
eastern harvest mouse (Reithrodontornys humulis). 


MeETHOops—AII of the rodents used in these experiments were second- to third-generation adult 
females whose parents were collected in various locations in Florida: P. gossypinus (Jackson Co., 6/2001; 
weight: 15.2—21.5 g, mean: 17.4 g); P. poilionotus (Jackson Co., 5/2000; 21.4-39.1 g, mean: 33.6 g); 
Podomys floridanus (Lafayette Co., 6/2000; 26.3-42.5 g, mean; 32.8 g); and Reithrodontomys humulis 
(Jackson Co., 4/2000; 10.1-14.8 g, mean: 12.4 g). Because there was a higher survival rate of females vs. 
males in captive populations, only data on adult female shrews and rodents were used for analyses. All of 
the adult females of B. carolinensis used in this study were the offspring of shrews originally collected in 
Jackson Co., FL in May, 2001 (15.2—21.5 g, mean: 17.4 g). None of the shrews or rodents had any prior 
experience with one another. 

Shrews and rodents were housed individually in 382118 cm plastic animal cages (Model RG- 
67-4337, Carolina Biological Supply, Burlington, NC) and provided ad libitum with food and water. 
Rodents were fed on a diet of commercial cat chow. Shrews were maintained on a diet of cat chow plus 
mealworms (Tenebrio molitor), crickets (Acheta sp.), and earthworms (Lumbricus terrestris). 

All observations were conducted in four 2.0*2.0X0.5 m plastic arenas that were suspended 1.5 m 
above the floor with metal support cables. Each arena was used for only one of the rodent species. 
Following the protocol of Getz and co-workers (1992), each shrew and rodent was used in only one trial 
throughout the study. The bottom of each arena consisted of clear Plexiglass. In this way, observations 
could be made from above and below the arena. The floor of each arena was provided with a 5.0-cm layer 
of damp sphagnum moss. Artificial runways were made in the moss to facilitate the movements of the 
shrews and rodents. Each arena had a water bottle at 2 opposite corners; the 2 additional corners were 
provided with a food dish containing cat chow. The room containing the arenas presented the animals with 
a 12L:12D photoperiod regime, and ambient temperatures ranged from 19—23°C. 

Prior to each observation trial, a pregnant female of each species was placed in an arena (noted 
above) for several days before giving birth. All rodents constructed nests within the moss and in many 
cases modified the runways to suit their needs. Once the location of the nests had been recorded, the 
arenas were inspected every hour to determine when parturition had occurred. 

One day after parturition, a shrew was placed into the arena at a location furthest from the rodent 
nest. Observations (from above and below) on all interactions between shrews and rodents were made 
for a 24-hr period following the introduction of the shrew. Observations conducted during the dark 
photoperiod cycle were made under red light conditions. Observations were conducted over a 10-13 
day period, depending on when the surviving young began to leave the nest to move individually 
through the runways. In other cases, trials were terminated when a shrew had killed all of the young. 
The moss was removed and each arena cleaned thoroughly with soap and water before the initiation of 
a new trial. 

In each trial (N = 15) the following behaviors were recorded: (1) the number of approaches of 
a shrew to a rodent; (2) number of approaches of a rodent to a shrew; (3) behavioral interactions between 
shrews and mice; (4) interactions between shrews and young mice. An approach was scored anytime one 
animal moved to within 3 cm of another. Following the protocol of Getz and co-workers (1992), the 
number of approaches during the first 60 min after introduction of a shrew into the arena were recorded. 
Behaviors 3 and 4 were recorded at 5-min intervals if no changes occurred. The specific time was recorded 
if the behavior changed within the 5-min period. The number of offspring present in each nest was 
recorded at birth and at each subsequent observation period. 

Following these trials, a second series of experiments was conducted in order to assess the 
interactions of shrews and rodents in the absence of offspring. All observations were conducted on a new 
set of animals. In each trial (N = 10) a single rodent was placed in the arena for a period of 60 min. Then 
a shrew was introduced at a point furthest away from the rodent. As described previously, all approaches 
and retreats were recorded, and the arena cleaned after each trial. 

Data were analyzed using t-tests and ANOVA as described by Sokal and Rohlf (1995). 
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RESULTS AND DiscussloN—The results for the initial 60-min observation period 
following the introduction of a shrew into an arena containing adult rodents and their 
offspring are listed in Table |. The mean number of approaches of shrews toward 
rodents was significantly lower for the larger P. gossypinus and P. floridanus (F = 
31.6, P < 0.01) as compared to those rodents that were similar in size to the shrews 
(P > 0.50). This indicates that the tendency for B. carolinensis to approach and 
attack mice depends on the size of the rodent in question. Conversely, the 2 species 
of larger mice approached the shrews to a greater extent than their smaller 
counterparts (F = 23.7, P < 0.01). 

Shrews attacked and killed at least one of the offspring of the smaller 
P. polionotus and R. humulis 80% (12 out of 15 trials) and 66.7% (10 out of 15) of 
the time, respectively. On the other hand, offspring of the larger P. gossypinus and 
P. floridanus were attacked significantly less frequently (13.3 and 0%, respectively) 
29) P= 0:01). 

When shrews attacked a mouse nestling they typically seized it by the head or 
one of the limbs, dragged it out of the nest, and killed it with a bite to the base of the 
skull. The young mouse was then dragged through a runway to a distance of at least 
12 cm from the rodent nest before feeding was initiated. In some cases (40%), 
following the lethal bite, the young mouse was dragged back to the nest of the shrew 
before feeding began. 

In 4 out of 15 trials (26.7%) with females of P. gossypinus, the mouse 
proceeded directly toward the shrew and confronted it within a runway. In all cases 
the shrew retreated. In 2 trials (13.3%), the female mice proceeded directly to the 
shrew’s nest and uttered a series of rapid vocalizations which caused the shrew to 
flee from the nest. Three shrews were found dead within the arena with wounds on 
their head, neck and flanks following encounters with P. gossypinus. In contrast, 
females of P. floridanus were never observed to approach a shrew’s nest, although 
they did confront shrews within a runway in 3 out of 15 trials (20%) causing the 
shrew to retreat None of the shrews were killed during encounters with P. floridanus. 

In trials with females of P. gossypinus without young, the mouse exhibited 
a mean of 3.3 (+1.1 SE) approaches to shrews as compared to 2.8 + 0.6, 3.1 = 1.2, 
and 3.5 + 1.5 repsectively, for P. floridanus, R. humulis, and P. polionotus. These 
values were not significantly different (t = 0.85, P > 0.50). Shrews approached 
P. gossypinus, P. floridanus, P. polionotus, and R. humulis more frequently (7.4 = 
Pabeee a= 9 Ga == 11.8,,and 8.2 2.2.6, respectively (ti=94.2;.P < 0:01). In these 
trials, all of the female mice appeared more tolerant of the shrews when nestling 
mice were not present, and they were never observed to attack shrews or emit 
vocalizations of any kind. 

The results of these experiments indicate that the shrew, B. carolinensis can 
effectively attack and consume nestlings of mice that share its geographic range. In 
Florida, B. carolinensis, which prefers mesic habitats, would present a greater threat 
to R. humulis which is also found in mesic areas with herbaceous ground cover, and 
P. gossypinus which is found in a variety of habitats ranging from mesic hammocks 
to more xeric palmetto-scrub associations (Whitaker, 1996). Peromyscus polionotus 
and P. floridanus, on the other hand, prefer more xeric, sandy habitats and are less 
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TABLE 1. Number of approaches of adult female rodents and shrews (Blarina carolinensis) in 
enclosures during the first 60 min that shrews were present. Data are expressed as means for 15 trials 
(+SE). 


Rodent species Rodent approaching shrew Shrew approaching rodent 
Peromyscus gossypinus 10.7 (2.1) 2.7 (1.0) 
Peromyscus polionotus 3.4 (1.4) 21.3 (6.4) 
Podomys floridanus 14.2 (3.5) 3.6 (1.1) 
Reithrodontomys humulis 2.4 (1.0) 17.8 (4.7) 


likey to encounter B. carolinensis. Because P. floridanus is considered to be 
uncommon in Florida (Gingerich, 1999), the impact of shrew predation on this 
species should be taken into account when considering possible reintroduction sites. 

In addition, the nestlings of adult mice that have a body size similar to that of B. 
carolinensis are more vulnerable to attack than those of larger mice. An earlier study 
(Getz et al., 1992) showed that both male and female voles (Microtus ochrogaster) 
displayed aggressive behavior toward the sympatric shrew, B. brevicauda, and were 
able to successfully protect their young from attack. However, another species of 
vole, M. pennsylvanicus, did not exhibit any form of aggressive behavior toward 
shrews even when nestlings were present and being attacked. Thus, it would seem 
that the degree to which short-tailed shrews prey on cricetine rodents depends on 
the rodent’s body size as well as its level of aggression which appears to be 
species-specific (Punzo, 2003). Even among the larger mice tested in this study, 
P. gossypinus clearly exhibited more aggressive behavior toward shrews than 
P. floridanus. 
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REVIEW 


M. Curie, Radioactive Substances, Dover Publications, Inc., 11+94 pp. 5 3/8 x 
8 1/2. 0-486-42550-9, paper. 7.95. 

For the price of a movie ticket and a handful of popcorn, a reader can have a 
copy of Dr. Marie Curie’s 1904 doctoral dissertation (English translation). This is 
not a typical dissertation, of course. For this research, she, her husband, and Henri 
Becquerel (her mentor) shared the Nobel prize in Physics in 1903. The dissertation 
describes the isolation of and characterization of the strongly radioactive element 
radium as well as polonium from pitchblende, a uranium-containing ore. The 
dissertation also describes many, though not all, properties of radioactivity and some 
radioactive substances. Omitted, of course, were the consequences of working with 
these elements, and Dr. Curie would ultimately sacrifice her life, dying of leukemia. 
The volume is interesting in comparison with contemporary dissertations, which 
usually have somewhat different organization, as well as more drawings, and 
typically far less significance. The volume is recommended for the historical 
significance, the interesting presentation of the results, and example of outstanding 
research under challenging conditions.—Dean F. Martin, University of South 
Florida. 
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Volumes 1—7 

QUARTERLY JOURNAL OF THE FLORIDA ACADEMY OF SCIENCES (1945-1972) 
Volumes 8—35 

FLORIDA SCIENTIST (1973-—) 

Florida’s Estuaries—Management or Mismanagement?—Academy Symposium 
FLORIDA SCIENTIST 37(4)—$5.00 

Land Spreading of Secondary Effluent—Academy Symposium 
FLORIDA SCIENTIST 38(4)—$5.00 

Solar Energy—Academy Symposium 
FLORIDA SCIENTIST 39(3)—$5.00 (includes do-it-yourself instructions) 

Anthropology—Academy Symposium 
FLORIDA SCIENTIST 43(3)—$7.50 

Shark Biology—Academy Symposium 
FLORIDA SCIENTIST 45(1)—$8.00 

Future of the Indian River System—Academy Symposium 
FLORIDA SCIENTIST 46(3/4)—$15.00 

Second Indian River Research Symposium—Academy Symposium 
FLORIDA SCIENTIST 53(3)—$15.00 

Human Impacts on the Environment of Tampa Bay Asa Symposium 
FLORIDA SCIENTIST 58(2)—$15.00 


Please send payment with order. If required, an invoice will be sent on 
purchases over $20 from a recognized institution. Please include Florida 
sales tax if shipped to a Florida address, unless a copy of a valid Florida 
Consumer’s Sales Tax Certificate is enclosed. 


